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ABSTRACT 
Sediment on Cay Sal Bank (CSB) is characterized by its coarse-grain size, poor sorting, 
predominance of skeletal fragments, and relatively depleted 18O isotope values. CSB is an 
incipiently drowned platform in close proximity to the Great Bahama Bank (GBB), a carbonate 
platform which is not incipiently drowned and characterized by fine-grained, non-skeletal 
sediment. The GBB has locally well-developed oolitic grainstone facies and coral reef margins, 
which are both lacking on CSB.  Platform-top water depths on the GBB are typically 10 m or 
less, but CSB depth ranges between 7 and 30 m. CSB is devoid of mud, whereas mud-supported 
depositional texture on GBB comprises 28% of the dataset. Dominant non-skeletal grains are 
grapestones and pelletoids, and the latter display evidence of micritization. Non-skeletal types on 
GBB are primarily grapestones and ooids. Surficial sediments from both platforms are primarily 
composed of aragonite, but high-magnesium calcite is slightly more prevalent on CSB. Similar 
to other incipiently drowned platforms in the Caribbean, CSB has been subject to rapid Holocene 
flooding. Common features between these three platforms are a thin sedimentary cover, a 
dominance of Halimeda plates, and micritized cryptocrystalline grains. Increased nutrient levels 
have been shown to be related to platform drowning as well as the reduction of coral and algal 
growth on Serranilla Bank, but rapid Holocene flooding has been more likely for CSB, and 
appears to be in the second of a three-stage drowning process, ultimately culminating in 
carbonate platform “turn off”, preventing further carbonate and reef development at the level of 
GBB. 
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1. INTRODUCTION 
Calcium carbonate sediments of marine origin constitute approximately one-quarter of 
the global sedimentary record. Often termed biogenic carbonates, these sediments are most 
commonly derived from the skeletal fragments of marine organisms. Through purely abiotic 
means, else mediated by bacterial action, carbonates are also produced in non-skeletal forms, 
such as cements, coatings, and lime mud precipitated directly from the water column (Purkis et 
al., 2017). Since marine carbonate detritus is formed so vigorously in the photic zone, and has 
been so into deep geologic time, marine carbonates serve as excellent time-markers of 
information pertaining to paleoenvironmental conditions including oscillations of sea level. 
Because of their prodigious production of skeletal detritus, carbonate platforms in tropical to 
subtropical zones constitute some of the most complete archives of past climate on Earth. Great 
Bahama Bank, for instance, has been accumulating carbonate uninterrupted for at least 65 
million years (Ma), the Maldives archipelago for 50 Ma, and so on. 
Isolated carbonate platforms comprise shallow-water depositional environments, free 
from the input of siliciclastic sediment, that range from tens to hundreds of kilometers in width 
and are separated by deep water from continental landmasses. The Bahamas Archipelago is one 
of the best studied examples, and consists of an arcuate chain of platforms: the Great Bahama 
Bank (GBB), Little Bahama Bank (LBB) and Cay Sal Bank (CSB). All of these platforms have 
aggraded to present-day sea level and flanked by deep channels and reentrants - Exuma Sound, 
Tongue of the Ocean, the Providence and Santaren channels, and the Straits of Florida (Fig. 1). 
These deep bodies of water effectively isolate the Bahamas platforms from any siliciclastic or 
terrigenous input, allowing pure carbonate sediments to accumulate. 
The GBB has been studied for several decades, and initiatives concerning sediment and 
facies types of the Great Bahama Bank have been elaborated by Illing (1954), Newell and Rigby 
(1957), Cloud (1962) and Purdy (1963). Subsequent studies by Bathurst (1974) Enos (1974), 
Reijmer et al. (2009), Swart et al. (2009), and Harris et al. (2015) and Swart (2016) analyzed the 
environment and depositional facies of the GBB. In comparison with the GBB, CSB has been 
discussed and analyzed less extensively. Bathymetry of the bank slope was described by Malloy 
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and Hurley (1970), but descriptions of the marine communities on CSB have not been made until 
the study of Goldberg (1983), where he described in detail the benthic communities found 
throughout the bank, and showed that CSB is a submerged bank with a poorly developed rim and 
a biologically impoverished environment. Hine and Steinmetz (1984) analyzed the bank’s 
sediment and found it to be largely skeletal, with the primary non-skeletal sediment composed of 
grapestones and intraclasts, in addition to confirming the findings of Goldberg with CSB being a 
partially drowned carbonate platform. Purkis et al (2014) assembled a satellite-derived 
bathymetric map of CSB and showed that the bank flooded earlier and at a higher rate of 
Holocene sea-level rise than its neighboring platforms. Notable differences found from the GBB 
are the relatively depleted isotopic signatures in the sediment, the relatively higher percentage of 
high magnesium calcite (HMC) and the greater dominance of skeletal-derived sediment. 
 
Average water depth is approximately 10 meters atop the three considered platforms, 
with coral reefs and high-energy sand bodies locally fringing their margins. Islands and cays are 
also common along the platform margins - specifically, the Bahamas consists of 29 islands, 661 
cays, and 2387 rocks (Albury, 1975); Cay Sal Bank has noticeably fewer islands than GBB and 
LBB, and deeper platform-top waters, ranging from 7-30 m (Purkis et al., 2014). The carbonate 
sediment of the Bahamas is of both skeletal and non-skeletal (i.e. precipitated) origin, which 
makes the site particularly interesting to study. For instance, the surface waters of the Bahama 
platforms are noted for the presence of “whitings”, milky-white patches of non-skeletal 
carbonate mud that are of indeterminate origin but understood to be precipitated directly into the 
water column and possibly a connection between platform-top circulation patterns and off-
platform currents (Robbins et al., 1997; Purkis et al., 2017). CSB, the westernmost of the 
Bahamian banks, is a large (6000 sq.km) bank noted for some significant differences as 
compared to the neighboring LBB and GBB, such as poorly developed margins, thin 
sedimentary cover, and very few shallow reefs (Hine and Steinmetz, 1984). In addition, field and 
lab analysis by Purkis et al. (2014) discovered that the sediment of CSB has mineralogical and 
geochemical differences from that of the GBB. 
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Figure 1.  Map of the Bahamas and adjacent territories displaying the Great and Little Bahama 
Bank, and Cay Sal Bank. 
 
 
1.1 Objectives 
This thesis will build upon the studies of Goldberg (1983), Hine and Steinmetz (1984), 
Reijmer et al. (2009), Swart et al. (2009), Purkis et al. (2014), Harris et al. (2015) and Swart 
(2015) to provide a more enlightened understanding of the sedimentology of the CSB and GBB, 
and compare the two carbonate structures via three methods: a) systematic grain size analysis, b) 
quantification of grain components and c) geochemical analysis through 13C and 18O isotopes. 
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Each method is introduced below. Whereas these have historically been developed and applied to 
indurated rocks, for this thesis they will be applied to unconsolidated sediments.  
1.2 - Grain Texture Analysis 
The texture of a sedimentary rock – that is, grain size, shape and arrangement – is an 
indicator of its origin. For example, in carbonate rocks, fine-grained textures indicate formation 
in quiet waters. In contrast, sediment that contains a mixture of worn and broken shell fragments 
is very likely to be formed in a turbulent waters. 
1.2.1 Grain Size and Sorting 
Grain size refers to the diameter of individual grains in a sediment.  The larger a particle, 
the stronger the medium (whether water or wind) required to transport it. Grain size, therefore, 
tells us about the turbulence and velocity of currents and the range of their transportation. A 
scale that is often used for measuring particle size in geology was developed in 1922 by 
geologist C.K. Wentworth. The size classes are determined after the particles are passed through 
successively finer sieves, and the quantity of particles in each size category is able to be 
determined (Levin, 2006). A modification of the Wentworth Scale was devised in 1937 by 
geologist W.C. Krumbein, by incorporating a logarithmic scale using the formula: 
 = -log2D/D0 
where  represents the Krumbein scale, D represents the diameter of the particle in millimeters, 
and D0 is a reference value, equivalent to 1 millimeter in diameter. The Wentworth Scale is 
illustrated in Table 1. 
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Table 1. The Wentworth grain size scale and corresponding Phi scale values 
Sediment grain size 
(mm) 
Phi units () Wentworth Size Class 
>256 -8 Boulder 
16-64 -6 Cobble 
4-16 -4 Pebble 
2-4 -2 Granule 
1-2 -1 Very coarse sand 
0.5-1 0 Coarse sand 
0.25-0.50 1 Medium sand 
0.125-0.25 2 Fine sand 
0.0625-0.125 3 Very fine sand 
0.004-0.0625 4 Silt 
<0.004 8 Clay 
 
 
Intrinsic to grain size is sorting. Sorting refers to the degree to which grains in 
sedimentary rocks are uniform by particle size. A sediment sample where the particles are of the 
same average size are considered well-sorted. A sample where the particles have a broad range 
of sizes is considered poorly-sorted (Figure 2). 
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Figure 2.  Illustration visually describing sediment sorting. Poor-sorting occurs when sediment is 
rapidly deposited without being separated into sizes by currents, and were likely not transported 
far from their original source of origin. Well-sorted sediments, in contrast, where either carried 
long distances or have gone through extensive winnowing. 
 
Two methods are used for analyzing grain size are 1) sieving and 2) digital image 
analysis. Sieving involves weighing the proportions that accumulate in a series of wire mesh 
screen sieves (Figure 3); however, sieving cannot calculate sorting. Image particle analysis 
involves a procedure that uses digital imaging to measure the size, shape and sorting of the 
particles (Figure 4).  
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Figure 3.  Diagram and photos illustrating the concept of sieving. A – The coarsest sediment 
remains on the topmost sieve, and finer sediment falls through sieves with progressively smaller 
meshes. B- In this study, only three sieve sizes were used. C – Sediment shaker which vigorously 
moves the sediment, facilitating movement of finer grains to the smaller-mesh sieves and the 
bottom pan. 
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Figure 4.  Retsch & Co. Camsizer (A). Simplified interior view of Camsizer (B) displaying 
particles falling through the field of measurement. The device contains two cameras which 
measure particle size and shape. (C) During the procedure, the basic camera records large 
particles, and the zoom camera records the smaller particles. 
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1.3 - Quantification of Grain Components 
Carbonate sediment can derive from skeletal organisms or by abiotic means to produce 
non-skeletal components. Early geologists regarded limestones as crystalline rocks that 
contained fossils but formed largely by the passive precipitation from seawater (Boggs, 2006). It 
is now known that many carbonate rocks are not simple crystalline precipitates, but instead, are 
composed of aggregate grains that have undergone transport before deposition. In 1959, 
geologist Robert Folk suggested the term ‘allochems’, to emphasize that they are not chemical 
precipitates.  Allochems can be divided into five types: carbonate clasts, skeletal particles, ooids, 
peloids and aggregate grains. Allochem descriptions were based on the definitions of Boggs 
(2006).  
1.3.1 Clasts 
Carbonate clasts are rock fragments that are derived from erosion of carbonates exposed 
on land or by erosion of lithified carbonate sediment within a depositional basin. If carbonate 
clasts are derived from older limestones a depositional basin, they are termed ‘extraclasts’. If 
derived from sediments from the seafloor, adjacent tidal flats, or a carbonate beach, they are 
termed ‘intraclasts’. As the setting of the GBB and CSB are purely marine with little to no 
terrigenous input, the carbonate clasts in this study are primarily intraclasts, and both clasts are 
found on both the GBB and CSB. 
1.3.2 Skeletal Fragments 
Skeletal fragments occur in carbonates as microfossils, larger fossils, or broken fragments 
of larger fossils. They are highly common among carbonate rocks and in some cases can make 
up most of the sediment. Fossils representing all of the major phyla of calcareous marine 
invertebrates are present in limestones. The type of skeletal fragments found in sediment and 
rocks depends on environmental conditions under which they were deposited. For instance, the 
remains of colonial corals, which build wave-resistant skeletal structures, are often restricted to 
carbonates deposited in shallow-water, high energy environments where the water was well 
agitated and the oxygen levels were high. 
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1.3.3 Ooids 
‘Ooid’ is a general term applied to coated carbonate grains that contain a nucleus 
surrounded by one or more layers of calcium carbonate. Ooids form where strong bottom 
currents and agitated-water conditions exists and where saturation levels of calcium carbonate 
are high. The environment in GBB is relatively rich in ooids, in contrast to virtually ooid-free 
CSB. 
1.3.4 Peloids 
Peloid is a non-genetic term for carbonate grains that are composed of microcrystalline or 
cryptocrystalline calcium carbonate and do not display distinctive internal structures. Peloids are 
smaller than ooids and are mud to fine-sand size (0.03 to 0.1 mm). The most common origin are 
fecal pellets, produced by marine organisms that have ingested calcium carbonate muds and 
extrude the undigested mud as pellets. Fecal pellets are often small, oval to round in shape, and 
uniform in size. Since they are produced by organisms, their size and shape are not related to 
current transport.  
Peloids may also be produced by other processes: micritization of small ooids, 
penetration by endolithic algae onto skeletal fragments (which rounds the grains), carbonate 
precipitation around clumps of bacteria, or simply reworked, well-rounded intraclasts. 
1.3.5 Aggregate Grains 
Aggregates are irregularly-shaped grains that consists of several carbonate fragments 
(ooids, peloids, and skeletal fragments) joined together by a carbonate mud matrix. Aggregate 
grains can take on various forms, and a common shape found in the Bahama Banks is 
grapestones, termed so because of their resemblance to grapes bunched together. Aggregates 
with a smoother appearance are simply called ‘lumps’. Because they are easily subject to 
deformation, aggregate grains are rare in the ancient geologic record. 
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1.4 - Geochemical Analysis 
Geochemical analysis of sedimentary rocks has been performed for several decades and 
has been recognized as a valuable tool for providing insight into the interpretation of sediment 
alteration over time (Swart, 2015). In geology, alteration of sediment or rocks is often called 
diagenesis, and is defined as the sum of physical, chemical and biochemical changes that affect 
sediment after it has been deposited. Diagenesis includes processes such as cementation to 
produce limestones and dissolution to form cave systems, but more relevant to this study, 
diagenesis includes more subtle processes such as changes in 1) mineral structure and 2) isotopic 
signatures.  
1.4.1 Mineralogy 
Modern carbonate sediments are composed primarily of the mineral aragonite and calcite. 
Despite both being calcium carbonate (CaCO3), the differences between these two compounds 
lies in their mineral structure (Figure 5) 
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Figure 5. Calcite and aragonite have the same chemical structure of CaCO3, but their 
arrangement differs. (A) Aragonite is relatively pure CaCO3, and displays an orthorhombic shape 
(B) Calcite is nearly pure CaCO3, and displays a hexagonal shape (Image source: Nesse, 2000) 
 
Calcite can contain several percentages of magnesium in its formula, because magnesium 
can substitute for calcium in the calcite crystals and both calcium ions and magnesium ions are 
similar in size and charge. Within the mineral calcite itself, two varieties exist: low-magnesium 
calcite (LMC), which contains less than 4 percent magnesium, and high-magnesium calcite 
(HMC), which contains more than 4 percent magnesium. In the modern oceans, the precipitation 
of aragonite is favored, but aragonite is a metastable version of calcium carbonate and is rapidly 
converted under aqueous conditions into calcite.  
Tropical, shallow-water sediments such as the CSB and GBB contain large quantities of 
aragonite and high-magnesium calcite, but once exposed to meteoric environments (which 
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contain waters undersaturated with aragonite and magnesium-calcite), shallow-water carbonates 
are susceptible to diagenesis. 
1.4.2 Isotopes 
The ratio of stable isotopes of carbon and oxygen in carbonate sediment and rocks is used 
in geology and paleoceanography as a proxy for changes in production, burial and preservation 
of organic matter (Broecker, 1982; Gischler et al., 2009).  
Isotopes are elements that contain the same amount of protons, but different number of 
neutrons in their nuclei. For example, there are three isotopes of the element oxygen (O): 
Oxygen 16, 17, and 18. Each isotope of oxygen contains 8 protons, but differs in the number of 
neutrons.  An isotope’s number is equal to the sum of its protons and neutrons. Therefore, 
oxygen 16 has 8 protons and 8 neutrons, oxygen 17 has 8 protons and 9 neutrons, and oxygen 18 
has 8 protons and 10 neutrons. 
Measurements of carbon and oxygen isotope values of a sample obtained using a mass 
spectrometer are compared to a sample of known isotopic values, known as a reference standard. 
The resultant isotopic signature of a sample is expressed using the delta (δ) symbol, followed by 
the isotope number and the symbol of the element being measured. The values are expressed as 
per mil (‰). The δ13C and δ18O are defined in Figure 6. 
 
 
Figure 6. Oxygen isotope measurements are read as δ18O, or delta oxygen eighteen, and carbon 
is read as δ13C, or delta carbon thirteen. 
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The isotopic composition of oxygen and carbon in the ocean has undergone large 
fluctuations (termed “excursions”) in the geologic past and these excursions have been recorded 
in both marine carbonate sediments. Variations in isotopic composition of sediments allow 
geologists to construct isotopic composition curves that can be used for making correlations 
between rocks or areas of sediment. Though often used for ancient geologic settings, isotopic 
compositions can also be examined in modern sediment; for example, Immenhauser et al. (2002) 
discussed the variability of carbon and oxygen isotopes in shallow water carbonates and showed 
that there is an offset between bank and off-bank isotope data. Patterson and Walter (1994) 
demonstrated a relationship between δ13C depletion and respiration of organic matter.  
The isotopes of various elements (i.e. carbon, oxygen, strontium, nitrogen, sulfur) can be 
used as markers, but for this study, the isotopes discussed will be limited to oxygen and carbon. 
The mechanisms as to how isotopic excursions are recorded differ between oxygen and carbon, 
and are explained below. 
 
1.4.3 Oxygen Isotopes 
Two factors that influence the ratio of heavy (oxygen 18, or O18) to light (O16) oxygen 
in the oceans are evaporation and precipitation. When seawater evaporates, O16 is preferentially 
taken up because it is lighter, while the heavier O18 is left behind. When water vapor condenses, 
the heavier oxygen leaves first (as precipitation) before the lighter oxygen. Water evaporated 
from the ocean surface is enriched in O16. When this water precipitates out as snow at the poles, 
it becomes trapped on land, compacting over time to create ice. During times when the earth is 
cold enough year-round for permanent ice caps to form, the ice on earth’s surface is enriched in 
O16 relative to O18. Lighter O16 is locked up in ice, and during these colder periods, the oxygen 
isotope value extracted from the tests (shells) have heavier, or more positive, δ18O values. In 
contrast, warm intervals are characterized by lighter (or more negative) δ18O values. 
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During times when the earth begins to warm (interglacial periods), ice caps melt. When 
this occurs, the O16 enriched ice returns to the ocean. The influx of O16-enriched water dilutes 
the ocean waters with respect to O18. 
1.4.4 Carbon Isotopes 
Just like oxygen isotopes, the carbon isotope with more neutrons (carbon 13, or C13) is 
heavier than C12. Carbon isotopes from the shells of marine organisms are influenced by 
photosynthesis, respiration, the oxidation of organic material and upwelling of deeper ocean 
water.  
Heavier δ13C values generally indicate an increased productivity in the ocean. A high 
degree of photosynthesis in the water column is known as increased productivity, and 
photosynthesizing organisms, such as algae and coral, preferentially uptake C12 during 
photosynthesis, which leaves more C13 in the water column with which marine organisms build 
their shells. When there are periods of increased productivity, there is usually an increased burial 
of carbon, as well as sediment accumulated on the seafloor, derived from dying and/or excreting 
organisms in the water column. 
When there is less photosynthetic activity in the water column, there is more C12 in 
solution, and thus more of this lighter carbon is incorporated into the shells of organisms. 
Decreased C13 can also correlated with times of decreased burial, as there is a lower rate of 
excreting and dying activity by organisms. 
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2. METHODS 
      2.1 STUDY AREA AND SETTING 
The Bahamian archipelago covers 300,000 km2, of which 136,000 km2 is shallow bank, 
and 11,400 km2 is subaerial land (Meyerhoff and Hatten, 1974). The banks are generally less 
than 10 m deep and are bounded by near-vertical declivities into very deep water. The Bahamas 
consists of 29 land masses referred to as islands, 661 cays, and 2,387 rocky outcrops (Albury, 
1975). The islands are predominantly low lying, and the topography is dominated by 
Pleistocene-to-Holocene eolianite ridges that extend up to 30 m vertical relief on most major 
islands. The highest elevation, 63 m, occurs on Cat Island. In the northwest, the archipelago 
consists of scattered islands on two large banks, Great Bahama Bank (GBB) and Little Bahama 
(LBB). The GBB is embayed by two deep reentrants: Tongue of the Ocean in the center (1400-
2000 m deep), and Exuma Sound to the east (1700-2000 m deep). The LBB is separated from 
GBB by Northwest and Northeast Providence Channels. To the southeast, the islands are on 
small banks that are separated by deep water (2000 m to > 4800 m). In many cases, the islands 
that occupy these banks encompass most of the bank area (e.g., Great Inagua Island). Cay Sal 
Bank, a focus area of this study, has very few islands and is characterized by different isotopic 
and mineralogical components from the GBB (Carew and Mylroie, 1997). The mineralogy and 
chemistry of carbonate sediments can be influenced by the composition of calcareous fossil 
organisms present in the sediment (Scholle, 1978; Jones and Desrochers, 1992; Boggs, Jr., 
2006). 
The use of isotopes as geochemical tracers can be applied to the analysis of carbonate 
sediment in order to provide quantitative evidence for diagenesis and changes in global climate 
and ocean circulation. Changes in the 13C and 18O of platform and periplatform carbonates can 
be used for stratigraphic purposes (Vahrenkamp, 1996; Saltzman et al., 2004) and can also 
reflect diagenesis (Allan & Matthews, 1982; Immenhauser et al., 2003; Reijmer et al., 2009) as 
well as variations in the relative proportion of periplatform and pelagic material (Swart & Eberli, 
2005).  
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2.2 Database of Sediment Samples from the Great Bahama Bank 
 
Approximately 300 samples were obtained using a Shipek sampler during four cruises 
aboard the RV Bellows between 2001 and 2004 (Reijmer et al., 2009; Swart et al., 2009; Figure 
7). Of those 300 bulk samples, 291 were analyzed by Reijmer and Swart at the University of 
Miami. Out of these 291, 120 were separated into size fractions (>1000, 500–1000, 250–500, 
125–250, 125–63 and <63 μm) and the relative percentages of aragonite, high-Mg calcite (HMC) 
and low-Mg calcite (LMC) were determined together with their carbon and oxygen-isotopic 
compositions. Samples were oven dried at 70°C and hand ground in a mortar to homogenize the 
sediment (Milliman, 1974). The areas of the principal peaks of aragonite, HMC and LMC were 
measured with Scintag and Panalytical X-ray instruments using Cu-K radiation at the 
Rosenstiel School of Marine and Atmospheric Science (RSMAS), University of Miami. The 
samples were scanned between 20° and 40° 2 with a speed of 0.01° per second. The proportions 
of aragonite, HMC and LMC were quantified using a method outlined by Swart et al. (2002) 
with the assumption that the sample is composed entirely of aragonite, HMC, and LMC. 
The 13C and 18O of the carbonate materials was determined, also at the University of 
Miami under Reijmer and Swart, using dissolution in phosphoric acid at 90°C. The gas produced 
was analyzed using a Finnigan-MAT 251. Data produced in both methods were corrected for 
isobaric interferences using the procedures (Craig, 1957) modified for a triple collector mass 
spectrometer.  Data are reported relative to Vienna Pee Dee Belemnite (V-PDB) using the 
conventional notation (Figure 6). 
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Figure 7. Locations of the samples collected, analyzed, and presented by Reijmer et al. (2009) 
(black dots). Satellite image of Great Bahama Bank shows the shallow-water bank in light blue 
colors. Deep-water basins show up in dark blue color. The large island in the center of the figure 
is Andros Island.  
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2.3 Field Collection of Surficial Sediment atop the Cay Sal Bank 
 
Enabled by the Khaled bin Sultan Living Oceans Foundation Global Reef Expedition, 
surficial sediment samples were collected from 90 stations atop the Cay Sal Bank in May 2011. 
Sampling sites were determined using a semi-random sampling strategy based on environments 
of deposition determined from Worldview-2 satellite imagery (for details, see Purkis et al., 
2014). Each sample was positioned with GPS and collected by a SCUBA diver in a 500-mL 
Nalgene bottle. All of the sediment samples were oven dried at 70°C for 24 hr prior to being 
examined. Of the 90 samples, 57 were analyzed for mineralogy and stable isotopes (Fig. 8). 
Mineralogical and stable isotope analysis was accomplished at RSMAS/University of Miami, 
using the same methods as adopted by Reijmer et al. (2009) described above for the GBB 
dataset. 
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Figure 8.  Location map of Cay Sal sample set that were analyzed for isotopic signatures. Yellow 
circles represent samples analyzed for thin sections. Red circles represent samples that were 
analyzed through loose sediment counts only. 
 
2.4 Grain Size Analysis and Facies Classification 
The surficial sediments collected by atop the GBB were examined via two grainsizing 
methods: sieving and camsizing (Retsch and Co. KG Camsizer), a laboratory instrument that 
utilizes digital imaging technology for the analysis of materials in the range of 30 μm to 30 mm 
(4 phi to −4 phi) (Fig. 9). Camsizing has limited capabilities to measure fine grains (i.e. fraction 
< 0.063 mm), which is why sieving was performed to quantify the fraction of mud in each 
sample. Each sample was weighed, emptied into two sieves with mesh sizes of 2 mm and 0.063 
mm, and placed on a sieve shaker for five minutes in order to partition the sample into gravel, 
sand, and mud-sized fractions (Figure 3). Each fraction was weighed separately and calculated as 
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a percentage of the entire sample. The percentages calculated determined the relative proportions 
of mud (fraction of sample < 0.63 mm), sand (fraction > 0.63 mm and < 2.00 mm) and gravel 
(fraction > 2.00 mm).  
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Figure 9. Schematic of the Camsizer instrument used to measure grains size and shape of the 
collected surficial sediment samples. Sediment is poured into the funnel (1). The sample feeder 
(2) transports grains onto the measurement shaft (3). The illumination unit (4) brightens the 
measurement shaft, allowing recording of grains as they fall down the measurement shaft. Two 
cameras are located inside the CAMSIZER: The basic camera (5) records grains between 0.300 
and 30 mm in diameter, and the zoom camera (6) records grains between 0.030 and 3 mm in 
diameter. Image is courtesy of www.retsch-technology.com. 
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Once all sediment samples were processed by the Camsizer, each sample needed to be 
classified, and this classification was based on the Udden-Wentworth Scale (Wentworth, 1922, 
Table 2). Mean grain size and sorting were calculated for each sample using the software 
package GRADISTAT (Blott & Pye, 2001), which is based on the geographical and 
logarithmical methods of Folk & Ward (1957). All of the CSB samples contained <5% mud by 
volume and were classified on the basis of their dominant grain size using the Udden– 
Wentworth scale (Udden, 1914; Wentworth, 1922), and sorting, as captured by the logarithmical 
method of Folk & Ward (1957; Table 3). The Udden-Wentworth Scale was modified for this 
study with respect to size classes, as the scale devised by Udden and Wentworth ranges from 
boulders to clay-sized particles; however, for this study, six classes encompassing particle sizes 
from fine sand to medium pebbles were defined (Table 2).  Spatial trends in the distribution of 
the five classes were visualized in GIS (geographical information systems). 
 
Table 2. Phi scale displaying range of sediment type from Fine Sand to Fine Gravel, based off of 
the Udden-Wentworth Scale. The Udden-Wentworth classification scheme encompasses size 
classes ranging from boulders to clay. Cay Sal sediment is primarily coarse sand, virtually no 
mud, and with areas of fine sand and gravel. 
 
Range in phi () Sediment Classification 
over 2.00  Fine Sand 
1.00 -2.00  Medium Sand 
0.00 – 1.00  Coarse Sand 
-1.00 – 0.00  Very Coarse Sand 
-1.00  and less Fine Gravel 
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Table 3. Sigma scale displaying range of sediment type from Very Well Sorted to Very Poorly 
Sorted, based off of Folk and Ward (1957).  
 
Range in sigma () Sediment Sorting 
0.00 – 0.35 Very Well Sorted 
0.35 – 0.50 Well Sorted 
0.50 – 1.00 Moderately Sorted 
1.00 – 2.00 Poorly Sorted 
2.00 – 4.00 Very Poorly Sorted 
 
 
2.5 Petrographic Analysis 
 
To identify individual facies groups of the CSB and GBB dataset, the coarse fraction (63 
to >1000 μm) of each sample was analyzed for its variation in skeletal (coral fragments, 
calcareous green algae, benthic foraminifera, gastropods, echinoderm spines and fragments, 
serpulids, ostracods, bryozoans, sponge spines and others) and non-skeletal components (peloids, 
ooids, grapestones, clasts) using a stereo binocular microscope for loose sediment, as well as a 
polarizing microscope for thin-sections (Reijmer et al., 2009). 
 
2.5.1 Loose Sediment Counts 
 
Point counting was used to calculate the faunal grain type composition of the allochems 
using the dominant four biogenic categories observed in the study area  - Halimeda, coral, 
mollusk fragments (gastropods and bivalves), and foraminifera. And the two dominant physical 
categories observed - grapestones and peloids. The samples chosen for analysis were those found 
to have a meaningful presence, over 10%.  
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For the loose sediment, point count analysis, the material was spread on a black surface, 
and a grid placed over the sample (Fig. 10). Through the use of a Zeiss binocular microscope, 
individual grains that fell between the grids’ crosshairs were categorized. This process was 
continued until 200 grains were tallied per sample. Representative examples of loose grains are 
illustrated on Fig. 11.  
 
2.5.2 Thin Section Point Counting  
Point counting of thin sections was used to quantify allochems. Seventeen samples (Fig. 
8) were selected for thin section analysis. From each sample, 5 mL of sediment was split and 
sent to National Petrographic Service, Inc. to be made into blue-resin impregnated thin sections. 
The sections were digitized using a microscope slide scanner PathScan Enabler IV (Electron 
Microscopy Sciences, Hatfield, PA) to create a high-resolution images. The images were 
imported into JMicrovision ©, a software designed to quantify and classify images. After a 
petrographic image was imported into the software, it was set up to pick random points until a 
100-point count was reached (Fig.12). Representative examples of petrographic thin sections are 
shown on Fig. 13.  
Literature by Scholle and Ulmer-Scholle (2003) and Flügel (2004) were consulted when 
identifying grain types. 
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Figure 10. Point counting is a statistical technique where the grain that lies in between the 
intersection of the grids (orange star) is recorded and tallied until a total of 200 is reached. The 
example above illustrates how loose sediment is spread across the black surface in preparation 
for sediment point counting. A grain that lies in the intersection of a grid is recorded.  
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Figure 11. Aspects of the faunal components via loose sediment samples. A – Bivalves, B- Coral 
fragments, C- Foraminifera, D- Gastropods, E- Halimeda plates, F- Peloids 
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Figure 12. Example of a thin section cut from Sample CS-81 located on Cay Sal Bank prepared 
for point counting with JMicrovision ©. Colored circles denote random points generated by the 
software. Each category was assigned a color in order to distinguish it as counting progressed. 
The pictured area is 3mm in diameter. 
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Figure 13. Aspects of the faunal components imaged in thin sections from Cay Sal Bank. A – 
Halimeda, B- Peloid, C- Foraminifera, D- Grapestone, E- Coral fragments, F- Mollusks 
(bivalves and gastropods both evident). Scales as noted. 
 
 
3. RESULTS 
       3.1 Facies  
The analysis of the GBB carried out by Reijmer et al. (2009) categorized the sediment 
samples into a classification first devised by Robert Dunham in 1962. The Dunham 
Classification is based on the recognition of deposition texture as well as the abundance of 
allochthonous and autochthonous grains (Fig. 14). Reijmer et al. (2009) modified the Dunham 
scheme by adding divisions between wackestone and mudstone (mud-rich wackestone; facies 
1.5) between packstone and wackeston (mud-rich packstone; facies 2.5), and packstone and 
grainstone (mud-lean packstone; facies 3.5). In order to accomplish a comparison, the CSB 
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samples were categorized using the same scheme as applied by Reijmer et al. (2009), but in this 
case only divided into six categories (Table 4). 
All results from the GBB samples were analyzed by Reijmer et al (2009), Swart et al. 
(2009) and Harris et al. (2015). 
 
 
 
Figure 14. Dunham Classification scheme, first devised by Robert J. Dunham in 1962, as a 
system of classifying sedimentary rocks. Image source: 
http://www.odp.tamu.edu/publications/194_IR/chap_02/c2_f2.htm  
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Table 4. Depositional texture scheme used by Harris et al. (2015), and modified from Reijmer et 
al. (2009). 
 
Number Facies Type 
1 Mudstone 
2 Wackestone 
3 Mud-rich Packstone 
4 Mud-poor Packstone 
5 Grainstone 
6 Rudstone 
 
 
3.1.1 Great Bahama Bank 
The GBB is predominantly composed of non-skeletal components (Fig.15 and 16).  
Dunham facies distribution shows that the GBB sediment is mud-free to mud-lean in the 
northern and southern portions of the platform. Mud-rich wackestone (Facies 1.5) to packstone 
(Facies 3) dominate the interior of the platform. Packstones and grainstones form a concentric 
“belt” on the western edge of the platform extending to the northern and southern regions (Fig. 
18). 
Mudstone, wackestone, and mud-rich packstone cover 8%, 5% and 14% on the platform 
top, respectively (Harris et al., 2015). 
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Figure 15. Satellite map of Cay Sal and Great Bahama banks with sample collection points 
applied. Yellow dots denote sample stations where the fraction of skeletal grains was determined 
to be >50%. Red dots denote stations where the fraction of non-skeletal grains is >50%. 
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Figure 16.  Pie charts summarizing the distribution of bulk sediment of Great Bahama Bank and 
Cay Sal Bank, where charts (A) and (B) compare the prevalence of skeletal and non-skeletal 
grains. Diagrams (C) and (D) compare the sediment facies 
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(  
Figure 17. Distribution pattern of sediment facies on Great Bahama Bank. Finer sediment is 
concentrated near Andros Island and becomes coarser as sediment is dispersed away from the 
island (from Reijmer et al., 2009) 
 
3.1.2 Cay Sal Bank 
The bulk of CSB sediment is largely skeletal and notably lacking in mud (Fig. 16). In a 
similar vein to the GBB, relatively finer-grain sized components are found at the center of CSB, 
with coarser grained rudstone facies more dominant near the margins, especially towards the 
northern and eastern margin (Fig.18).  
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Figure 18.  Distribution of sediment facies on Cay Sal Bank. Facies range from grainstone to 
rudstone, where a coarsening of sediment is observed near the windward margins and to a lesser 
extent, the southern margin. 
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Figure 20. Cluster analysis and point map visually summarizing the division that exists between 
skeletal and non-skeletal areas of CSB. The Ward Clustering method was used for this analysis. 
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3.2 Comparison between Deposition Types 
Table 3.  Comparison of depositional texture between CSB and GBB. The lack of mudstone 
facies on CSB stands in stark contrast to the depositional texture of GBB. The figures are the 
percent distribution across the entirety of both CSB and GBB.  
 
Depositional 
Texture 
Percentage of 
depositional 
type -GBB 
Percentage of 
depositional 
type - CSB 
Mudstone 8 0 
Wackestone 5 0 
Mud-Rich 
Packstone 
14 0 
Mud-Poor 
Packstone 
20 1.4 
Grainstone 45 67 
Rudstone 3 31.6 
Boundstone Not Mapped N/A 
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3.3 Mineralogy 
Mineralogical analysis was carried out at RSMAS, and details of how mineralogical 
analysis was performed is described in the Methods section. 
3.3.1 Great Bahama Bank 
Aragonite is the dominant mineral across the platform and varies between 77.7 and 
100%, with a mean of 93.3% (Fig. 21 and Table 1A). High- and low-magnesium calcite (HMC 
and LMC) content varies between 0 and 22.3%, and 0 and 3.9%, respectively, with a mean of 
6.5% for HMC and 0.2% for LMC (Fig. 22 and Table 1A). Analysis of the fine-fraction (<63 
μm) portion of the dataset showed an increase in the mean values of HMC and LMC (Table 1A -
B). 
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Figure 21. Aragonite distribution throughout Cay Sal and the Great Bahama Bank. While both 
banks are aragonite dominant, the aragonite presence on the Great Bahama Bank is stronger than 
in Cay Sal Bank. 
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Figure 22. High Magnesium Calcite (HMC) distribution throughout Cay Sal and the Great 
Bahama Bank. Cay Sal has a significantly higher percentage of HMC compared to Great 
Bahama Bank. 
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Table 4A. Fractional abundance of carbonate mineralogies of the Great Bahama Bank – Bulk 
Total Dataset, 258 samples (Reijmer et al., 2009) 
 
 
Aragonite HMC LMC 
Mean 93.3 6.5 0.2 
Minimum 77.7 0 0 
Maximum 100 22.1 3.9 
 
Table 4B. Fractional abundance of carbonate mineralogies of the Great Bahama Bank < 63 mm 
samples (Reijmer et al., 2009) 
 
 
Aragonite HMC LMC 
Mean 82.7 10.6 6.7 
Minimum 36.5 2.8 0.4 
Maximum 94.5 20.3 47.2 
 
3.3.2 Cay Sal Bank 
As in the GBB, aragonite is also the dominant mineral across the platform, varying 
between 62 and 96% with a mean of 82.3% (Fig. 22). HMC and LMC content varies between 4 
to 37%, and 0 to 11%, respectively, with a mean of 16.9% and 1.42% (Fig.21 and Table 2A). A 
ternary diagram illustrates how, compared to the GBB, CSB is relatively richer in calcite than 
aragonite (Figure 23). 
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Table 5A.  Fractional abundance of carbonate mineralogies on Cay Sal Bank bulk dataset, 57 
samples 
 
Aragonite HMC LMC 
Mean 82.3 16.9 1.42 
Minimum 62 4 0 
Maximum 96 37 11 
 
Table 5B.  Fractional abundance of carbonate mineralogies on Cay Sal Bank >1000 m samples 
 
Aragonite HMC LMC 
Mean 78.1 20.6 2.1 
Minimum 62 6 0 
Maximum 93 37 11 
 
Table 5C. Fractional abundance of carbonate mineralogies on Cay Sal Bank 1000-500 m 
samples 
 
Aragonite HMC LMC 
Mean 83.8 15.9 0.91 
Minimum 65 4 0 
Maximum 96 37 10 
 
Table 5D. Fractional abundance of carbonate mineralogies on Cay Sal Bank 500-250 m 
samples 
 
Aragonite HMC LMC 
Mean 89.9 9.44 0.89 
Minimum 81 6 0 
Maximum 95 20 5 
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Figure 23. Ternary plot of the percentages of aragonite, high-magnesium calcite, and low-
magnesium calcite in sediment collected from Cay Sal Bank and Great Bahama Bank. Figure (B) 
displays a closer view of the ternary plot. 
 
3.4 Stable Isotopes of Carbonates 
3.4.1 Great Bahama Bank 
The mean 13C and 18O values for the carbonate sediments and the various size fractions 
are shown in Tables 2 and 3, and their spatial distribution is visualized in Fig. 25 and 26. The 
13C of the coarser material (>1000 μm) is more negative than the finer fraction and the bulk 
(Reijmer et al., 2009; Fig.24). Relative to the modified Dunham classification there is no 
significant difference between the mean 13C and 18O of the coarser and finer sediment types; 
however, the range of values of the modified Dunham categories increases with grain size (Table 
4).  
 
A B 
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Figure 25. Average grain size of GBB sediment against 13C values (p < 0.0001), from sediment 
data analyzed by Reijmer et al., (2009). 
 
Table 6.  Carbon Isotope Composition of Size Fractions 
 
Bulk >1000 
m 
1000-500 
m 
500-250 
m 
250-125 
m 
125-63 m < 63 
m 
Mean 4.8 4 4.6 4.8 4.9 4.9 4.4 
SD 0.3 0.7 0.5 0.4 0.5 0.3 0.5 
Minimum 3.2 2 3.4 3.3 3.5 3.9 3.4 
Maximum 5.5 5.1 5.6 5.9 5.9 5.4 5.5 
 
Table 7. Oxygen Isotope Composition of Size Fractions 
 
Bulk >1000 
m 
1000-500 
m 
500-250 
m 
250-125 
m 
125-63 m < 63 
m 
Mean 0.4 0.3 0.4 0.5 0.4 0.5 0.4 
SD 0.4 0.4 0.3 0.4 0.44 0.4 0.4 
Minimum -0.8 -0.5 -0.5 -0.4 -0.3 -0.3 -0.5 
Maximum 1.8 1.5 2.0 2.0 1.7 1.3 2.0 
 
 
 
 
 
47 
 
 
Table 8. The 13C and 18O within Dunham classifications 
 
1.5 Mud-rich 
wackestone 
2 Wackestone 2.5 Mud-rich 
packstone 
3 Packstone 
13C 4.8 4.8 4.8 4.8 
SD 0.1 0.2 0.2 0.2 
18O 0.5 0.6 0.6 0.6 
SD 0.3 0.4 0.4 0.3 
 
Table 8 (continued). The 13C and 18O within Dunham classifications 
 
3.5 Mud-lean 
packstone 
4 
Grainstone 
5 
Rudstone 
13C 5 4.9 3.7 
SD 0.3 0.3 0.1 
18O 0.4 0.2 -0.1 
SD 0.5 0.4 0.2 
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3.4.2 Cay Sal Bank 
The 13C values of the CSB range from 5.6 to 1.96, with a mean of 4.43. The 18O values 
range from 0.17 to -1.97, with a mean value of -0.74. Grain size on Cay Sal was no smaller than 
250 m (Tables 5 and 6). 
 
Table 9. Carbon Isotope Composition of Size Fractions 
 
Bulk >2000 m 2000-1500 
m 
1500- 1000 
m 
1000-500 
m 
500-250 m 
Mean 4.40 2.06 3.85 4.31 4.57 5.11 
SD 1.06 0.13 1.01 1.22 0.84 0.17 
Minimum 1.66 1.96 2.23 1.66 2.77 4.93 
Maximum 5.6 2.96 5.11 5.58 5.6 5.49 
 
Table 10. Oxygen Isotope Composition of Size Fractions 
 
Bulk >2000 m 2000-1500 
m 
1500- 1000 
m 
1000-500 
m 
500-250 m 
Mean -0.74 -1.22 -0.94 -0.798 -0.67 -0.62 
SD 0.5 0.48 0.33 0.58 0.51 0.44 
Minimum -1.97 -1.56 -1.4 -1.97 -1.63 -1.25 
Maximum 0.17 -0.88 -0.46 0.02 0.13 0.17 
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Figure 25. 13C spatial distribution throughout Cay Sal Bank and Great Bahama Bank. Relatively 
depleted 13C is more prevalent on CSB and concentrated towards the windward margins. 
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Figure 26. 18O spatial distribution throughout Cay Sal Bank and Great Bahama Bank. The 18O 
on the CSB dataset is more depleted than the values on GBB 
 
3.5 Sediment Composition 
3.5.1 Great Bahama Bank 
Data collected on the GBB between 2001 and 2004 by Reijmer et al (2009) and Swart et 
al. (2009) was only categorized and separated into ooids, pellets, grapestones and skeletal grains.  
Pellets largely coincide with the mud-rich facies distribution and are more abundant in 
restricted areas of the platform. Ooids preferentially occur on the edge and in the more open 
areas on the platform. The largest quantities of Halimeda were present in deeper waters, on the 
northern edge of the platform. On the platform itself Halimeda sp. occurs in minor quantities 
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only. Grapestones were found on the more open northern part of the platform and along the 
southern side of the investigated area. (Fig.26) (Reijmer et al., 2009). 
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Figure 27. Facies map from the study of Harris et al. (2015). Mud-sized sediment appears to 
dominate near Andros Island, with coarsening of sediment radiating away from the island. 
 
 
 
 
 
 
 
 
53 
 
3.5.2 Cay Sal Bank 
The data collected in 2011 by the Living Oceans Foundation was analyzed and 
quantified, resulting in a varying percentage of faunal categories. Examples of faunal categories 
can be found in Figures 11 and 13. The percentages of significant faunal categories are displayed 
on Table 6 and their spatial distribution is visually summarized in Fig. 28. 
 
Table 11. Point count results across Cay Sal Bank dataset 
 
Mollusks Halimeda Foram Coral 
Mean 13.6 18.4 7.26 13.2 
Minimum 0 0 0 0 
Maximum 60 70 40 36 
 
Table 11 (continued). Point count results across Cay Sal Bank dataset 
 
Red 
Algae 
Grapestones Peloids Echinoderms 
Mean 2.32 23.3 10.1 1.40 
Minimum 0 0 0 0 
Maximum 20 86 74 12 
 
The CSB is lacking in ooids. Peloids are largely distributed on the southwest portion of 
the bank, and while CSB is devoid of mud, the distribution of peloids does coincide with finer-
grained facies. A discussion regarding the nature of peloids will be described below. The largest 
percentage of Halimeda are present on the windward margin and the southern margin. 
Grapestones are found on the northwest part of the bank. Coral fragments display a relative 
concentration on the margins of the bank (Fig. 27) 
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Figure 28. Interpolation maps for CSB of major grain types (A – Peloids, B - Grapestone, C- 
Halimeda, D- Coral Fragments).  
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Figure 29. Faunal map of Cay Sal, based off the interpolation maps of Figure 28. Coralgal grains, 
which are comprised of Halimeda and coral fragments, dominate the platform 
 
 
 
3.6 Relationships between Mineralogy, Isotopic Composition, and Faunal Categories 
A positive correlation exists between 18O and 13C, especially in Cay Sal (Fig. 30). Non-
skeletal grains, which are primarily composed of grapestone and peloids, are enriched in 13C 
(Fig.31). High aragonite samples are relatively enriched in 13C (Fig. 32). CSB samples, in an 
“isotopic” sense, lie closer to skeletal grains, especially Halimeda (Fig.33). 
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Figure 30. Correlation between 13C and 18O on CSB (A), correlation on the GBB (B) and 
correlation of all the samples on both platforms (C). 
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Table 13. Correlation matrices of sediment data. Statistically significant correlations (p<0.05) are marked bold. 
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Figure 31. Scatterplot summarizing the relationship between isotopic values and the prevalence 
of non-skeletal grains. Non-skeletal grapestones and peloids are relatively enriched in 13C and 
display higher 18O values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
59 
 
 
 
Figure 32. Scatterplots displaying relationship between mineralogy and 13C. High aragonite 
samples have a tendency to be enriched in 13C, whereas high HMC samples tend to be relatively 
low in 13C 
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Figure 33. 18O and 13C signatures of various types of sediments and corals, green algae, red 
algae, aragonite, high-magnesium calcite and low magnesium calcite. Data derived from 
Lowenstein & Epstein, (1957), Land et al., (1977), Milliman (1974), Emiliani et al., (1978), 
James & Ginsburg (1979), Anderson & Arthur (1983) and Swart (2015). 
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4. DISCUSSION 
Central to this study is understanding the contrasts found between CSB from GBB, 
despite both banks located in a similar climatic regime. Results of this study support previous 
findings that CSB is a largely skeletal platform with little reef development (Goldberg, 1983; 
Hine and Steinmetz, 1984; Purkis et al., 2014).  After analyzing the data, several points emerge 
from this study: grain type, facies patterns, mineralogy, and geochemistry differ from GBB. CSB 
shares characteristics with Serranilla Bank (another incipiently drowned carbonate platform), 
primarily in the dominance of coarse-sized grains, thin sedimentary cover, and a lack of reef 
development (Triffleman et al., 1992; Purkis et al., 2014). Serranilla Bank is also documented to 
have higher nutrient flux (Hallock, 2001). Similar patterns of inability of isolated carbonate 
platforms to keep up and produce carbonate have been correlated with elevated nutrient levels 
(Vecsei, 2002). CSB also shares features with the offshore area of Cat Island, primarily in the 
abundance of grapestones and micritized grains, poor reef development, lowered aragonite 
content, high prevalence of skeletal fragments, and less ooid formation (Glumac et al., 2012; 
Dominguez et al., 1988); pertinent to CSB, the data from Glumac et al., (2012) shows that not all 
tropical marine environments are suitable for ooid formation, and for ooid formation to take 
place, certain environmental requirements need to be met. CSB and Cat Island were flooded at 
earlier and higher rates than the rest of the Bahamas, suggesting that drowning does not to occur 
contemporaneously across carbonate platforms (Dominguez et al., 1988).   
The primary questions that this section will address is: Why does CSB lack extensive 
non-skeletal facies common to the GBB? Why the isotopic sediment on CSB more negative 
compared to GBB? Why is the non-skeletal nature on CSB different from GBB? These questions 
will be answered by examining the sediment deposition patterns and geochemistry of CSB, along 
with a brief discussion on the possibility of nutrient levels affecting the biota of CSB. 
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4.1 Facies Distribution 
The lack of mud on CSB is primarily due to the unprotected, rimless structure of the 
bank. As a result, mud-sized accumulation is minimal, resulting in coarser grain size compared 
to high carbonate production environments like the GBB. On the GBB, sediment is 
predominantly non-skeletal (93%), and primarily composed of ooids, pellets and grapestone 
(Fig.16). The small instances of skeletal sediment (7%) are primarily composed of coralgal sands 
and concentrated along the platform margin (Fig.15). CSB, in contrast, is 54% skeletal and 46% 
non-skeletal. Skeletal components are primarily Halimeda plates, coral fragments, mollusk 
fragments, and foraminifera. Non-skeletal components on CSB are primarily grapestone and 
peloids. On open leeward margins, not only can peloids and grapestones certainly co-exist, but 
mud is often reworked as sand, grains are micritized, and peloids are an important constituent. 
(Tucker and Wright, 1990), characteristics that are observed on CSB. 
The distribution of the faunal grains on CSB follows a different pattern from the GBB. 
The bulk of non-skeletal sediment on GBB is composed of chemically precipitated ooids and 
grapestones, and the non-skeletal sediment of CSB is primarily comprised of grapestones and 
peloids.  
The presence of coral fragments is strongest towards the bank margins. Halimeda display 
a strong prevalence on the windward margins and can be as high as 80% on some collection 
sites. Grapestone dominates towards the lagoon, on the leeward side, an indication of low 
sedimentation rate and fluctuating levels of agitation (Flugel, 1982).  Peloids dominate on the 
southwest portion of the bank (Fig.28); given the characteristics of the peloids in the CSB dataset 
(Fig. 34), this is an indication of extensive recrystallization and micritization in that area. In 
contrast to CSB, algal concentration on GBB is minimal and concentrated on the leeward 
margins (Freile et al., 1995).  
GBB is largely dominated by grainstone, packstone, and to a lesser extent wackestone. In 
contrast, CSB is largely grainstone with a significant percentage of the facies composed of 
rudstone (Fig.16). The rudstone facies of CSB are largely comprised of coral fragments and 
Halimeda plates.  
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4.2 - On Non-Skeletal Types –Ooids, Peloids and Grapestones 
There are four types of non-skeletal grains: coated grains, peloids, aggregates and clasts 
(Boggs, 1995). In this study, the concentration will be on ooids, peloids, and grapestones. 
4.2.1 - Ooids 
A notable feature of CSB is the lack of active ooid shoals, though Hine and Steinmetz 
(1984) described some of the spherical non-skeletal grains as ‘relict ooids’. Analysis from this 
study reveals the elliptical grains on CSB lack an internal structure and have a micritic coating 
(Fig.34), a description more in line with peloids, (Flugel, 1982; Blatt et al., 1972). Ooids also 
tend to be less common in coralgal lithofacies, such as parts of CSB are (Fig. 29). Ooids form in 
shallow environments with strong bottom currents, agitated water conditions, and high levels of 
carbonate saturation, and the lack of ooids is an indication that CSB lacks one or more of these 
conditions. Ooids need to form in very shallow (up to 2 m), and the relatively greater depth of 
CSB is an environment not conducive to ooid formation. Ooids also form in areas devoid of 
seagrass and calcareous algae, abundant fauna in CSB.  
4.2.2 - Peloids 
Peloids are commonly thought to originate from the excretion of sediment and plankton 
feeders, as well as endobiotic organisms (Flugel, 1982). Besides fecal origin, peloids can form 
via micritization.  
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Figure 34. Origin of peloids. Many peloids represent fecal pellets, abraded skeletal fragments, 
micritized ooids, or mud clasts (Tucker and Wright, 1990). 
 
Non-fecal peloids are primarily composed of microcrystalline carbonate, ranging in shape 
from rounded to sub-rounded, and are sand-sized (Tucker and Wright, 1990; Fig. 34). These 
micritic particles are internally structure-less (Fig.35), and their outline is usually elliptical or 
circular (Tucker and Wright, 1990; McKee and Gutschick, 1969).  Peloids are an important part 
of marine carbonate sediments, and are typical of shallow, low energy environments (Tucker and 
Wright, 1990).  
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Figure 35. Close up illustration of peloids of a CSB sediment sample. Note the signs of 
microboring activity (red arrows) and relative lack of internal structure 
 
Peloids are often sub-divided, based on their formation history: 
Fecal pellets are deposited by the excreta of feeding organisms, are round to elliptical in 
shape, and have high organic content (Tucker and Wright, 1990). They are often soft and easily 
prone to deformation (Shinn and Robbin, 1963), thus supporting the non-fecal origin of CSB 
peloids. 
Bahamite peloids is a term described by Bathurst (1975) to describe bioclasts, ooids, or 
shell fragments that have been micritized by endolithic organisms or boring algae (Tucker and 
Wright, 1990; Flugel, 1982). 
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Flugel (1982) used the term ‘pseudopeloids’ to describe particles derived from the 
reworking of calcareous mud and are very often fine-grained.  
Pelletoids is a term suggested by Blatt et al. (1972) for peloids which originate by the 
recrystallization of bioclasts. A strong micritization often precedes the recrystallization (Flugel, 
1982). Pelletoids are generally subrounded and lack an internal structure. 
The two remaining possibilities of the identity of CSB peloids are bahamite peloids or 
pelletoids. What distinguishes between these two non-skeletal grains are the fact that bahamite 
peloids may occasionally be angular (Flugel, 2004) whereas pelletoids are strictly subrounded. 
The likely identification of the peloids in CSB are pelletoids, originating from micritized and 
recrystallized particles.  
4.2.3 – Grapestones 
Grapestones fall under the category of aggregate grains. Aggregates are formed where 
waves are sufficiently strong enough to remove mud, but not strong enough to remove sand. 
Grapestones, a very common sediment type in CSB, result from cementation of hard carbonate 
particles in areas of low sedimentation, good water circulation, varying levels of water agitation, 
and are comprised of spherical grains that resemble clusters of grapes (Flugel, 1982). 
Grapestones are found in areas that are 1) less frequently reworked, and/or 2) colonized by 
microbes; thus, they are interpreted to be products of carbonate precipitation, grain growth, and 
the accumulation of organic matter within microbially colonized sediments (Mariotti et al., 
2018). There exists a correlation between grapestone and less turbulent water, and for 
grapestones to form, grains need to lie in an undisturbed environment for a long enough, 
allowing time for them to be cemented together (Bathurst, 1975). 
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4.3 Geochemistry  
4.3.1 - Isotopes 
The mean 13C on the GBB bulk sediment is 4.8 ‰, whereas the mean 13C on the CSB 
bulk sediment is 4.4 ‰; the differences are not significantly large (8.7 percent difference). The 
major differences are in their 18O values --- GBB averages 0.4 and CSB averages -0.74 (Tables 
9 and 10), and all but one sample on CSB is negative in 18O.  
The negative relationship between Halimeda and 13C is unexpected, as calcareous green 
algae, (including Halimeda) tend to have positive 13C values (Swart et al., 2009); however, in 
Halimeda, a tendency towards lighter values with increasing water depth and lesser light 
availability is seen (Wefer and Berger, 1981).  
Carbonates depleted in 13C could be produced by increasing water depth, freshwater 
input, and meteoric diagenesis; this can occur when sea level is lowered and carbonates become 
exposed to meteoric fluids (Swart, 2015). However, as CSB has a history of being flooded, 
freshwater input from meteoric fluids (i.e. precipitation) and depletion of 13C is unlikely to be 
related. Carbonate depleted in 18O can be produced by increasing temperature, freshwater input, 
and meteoric diagenesis, while 18O enrichment could indicate either lower temperature or 
evaporation (Patterson and Walter, 1994). The deeper water of CSB is possibly a factor, 
especially with regard to the lighter 13C values of the Halimeda; this must be taken with 
caution, however, since while CSB is certainly deeper than GBB, the depth difference is not 
significant enough to warrant a change in isotopic values. The lighter overall isotope values on 
CSB are more likely due to the composition of skeletal grains. 
Corals (along with echinoderms and red algae) are among the marine organisms with 
18O deviating from the predicted isotopic equilibrium values, and are generally lighter than 
expected, while inorganic precipitates have 18O values close to zero (Tucker and Wright, 1990; 
Anderson and Arthur, 1983).  Because metabolic carbon and metabolic oxygen is lighter than 
seawater carbon and oxygen, the skeletons of reef-building corals are lighter in both carbon and 
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oxygen isotopic composition (Emiliani, et al., 1978). In this study, we can observe that coral 
fragments and 18O are negatively correlated (Table 13). Environments dominated by 
nonskeletal grains (peloids or ooids) tend to have more comparatively more positive 13C and 
18O values (Swart, 2015).  
Both 18O and 13C are negatively correlated with the percentage of coral fragments. 13C 
is also negatively correlated with Halimeda grains and echinoderm plates, and positively 
correlated with non-skeletal grapestones. With respect to faunal category and mineralogy, corals 
are negatively correlated with grapestones, negatively correlated with aragonite and positively 
associated with HMC. Pelletoids display a negative correlation with both mollusks and 
Halimeda. Among the lesser faunal categories, red algae and foraminifera percentages are 
positively correlated. Collection sites with relatively higher percentages of echinoderm plates 
display negative correlation with 13C and aragonite, and a positive correlation with HMC (Table 
13).   
 
4.3.2 - Mineralogy 
The sediment produced on the Bahamas platform is largely aragonite with minor amounts 
of HMC (Swart, 2009); CSB is also majority aragonitic, but the percentage of HMC is higher, 
especially near the windward margin (Fig.22). The relatively HMC-rich region of CSB is 
characterized by a sargassum-gorgonian-sponge biozone (Goldberg, 1983); all three of these 
faunal categories tend to be high in HMC. 
Generally, the 13C in HMC is often lower, in some instances close to or below zero 
(Keith & Weber, 1965; Weber, 1965; Milliman, 1974; Land, 1989; Swart et al., 2009); HMC 
percentage is negatively correlated with 13C on CSB (Table 13). Areas that are relatively high 
on the faunal types that are rich in HMC (i.e. forams, echinoderms, certain corals) are also 
negatively correlated with 13C (Table 13). 
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Coral fragments and aragonite are also negatively correlated (Table 13). Scleractinian 
corals, which are rich in aragonite, are not well developed on CSB (Goldberg, 1983); coupled 
with this negative correlation with aragonite, this is an indication that calcite-secreting coral is 
more dominant that aragonite-bearing scleractinians. Gorgonians, which are a significant portion 
of the CSB, and the gorgonian species found on CSB are Eunicea spp., Gorgonium flabella, 
Gorgonium ventalina, Muricea muricata, and Plexaurella spp.,   (Goldberg, 1983), all species 
that tend to be composed of HMC (Lewis et al., 1992). 
 
4.5 Nutrient Paradox? 
Nutrient supply rates are a major controlling mechanism for benthic communities in 
shallow, tropical environments (Hallock and Schlager, 1986; Birkeland, 1987). Coral cover 
diminishes in favor of macroalgae, in areas of even modest nutrient flux interacting with benthic 
communities (Fig. 36). Carbonate sediment and reef development can also be characterized 
along nutrient gradients (Hallock, 1988; Triffleman et al., 1992). In geologic terms, 
“oligotrophic” includes the range of conditions that support true reef framework (Hallock, 2002). 
Rimmed coral reef development occurs where sufficient coral framework can grow and accrete, 
encrusted by coralline algae (which is rare in CSB), providing a wave resistant barrier to hold 
sediment production by other members of the reef community. In the same geologic sense, 
“mesotrophic” refers to intermediate conditions where light penetrates enough to support 
calcareous algal production and nutrient supplies are high enough to favor macroalgae 
production. Mollusks are also significant in such environments. The result is an environment that 
can produce carbonate sediment at high rates, but without a net framework accretion, physical 
processes can move sediment off-shelf. Lees (1975) defined this environment as ‘chloroalgal’, a 
realm rich in calcareous algae. 
Hallock et al., (1993) defined oligotrophic waters as those with chlorophyll concentration 
of less than 0.1 mg / m-3. As nutrient flux increases, calcareous algae are the main beneficiary of 
the increased nutrients. As algal and mollusk production increases, Western Caribbean style 
banks are the result (Hallock, 2002; Fig. 37).  
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The shift from chlorozoan sedimentation (coral reefs) to chloroalgal (calcareous green 
algae) appears to result from increasing nutrient supplies (Fig. 36). Pertinent to this study, the 
sensitivity of reef framework and accretion to increasing nutrient supply can occur in proximity 
to thriving reefs or even why seemingly ‘keep-up’ reefs may abruptly cease accreting. One 
example is the Alacran Reef on the Yucatan Peninsula, characterized by very high accretion 
rates, yet it is surrounded by drowned reefs (Macintyre et al., 1977; Hallock, 2002). Hine et al., 
(1987) reported abundant calcareous algal production on shelves of the Nicaraguan Rise, a zone 
of coral reef ‘turn on/turn off’ and increased nutrient flux. 
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Figure 36.  (a) Calcium carbonate production by corals. As nutrient supplies increase, growth 
rates of corals many increase but so does algal growth, which can outcompete corals for 
recruitment space (b) Calcareous algal production generally increases with nutrient supply until 
increasing phytoplankton densities restrict light reaching the benthic community (Hallock, 2001). 
 
A 
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Figure 37. (a) Predictions of platform morphology relative to nutrient supply and carbonate 
production. The zone of maximum potential for accretion overlaps with the coral reef turn-
on/turn-off zone (b) The Nicaraguan Rise crosses the coral reef turn-on/turn-off zone. Pedro 
Bank has some coral reef development, extensive algal production, and is in “catch-up” mode. 
Serranilla Bank has no modern coral reef development, the windward margin is dominated by 
macroalgae community, and appears to be in “turn-off” mode, like CSB. Sediment on Serranilla 
Bank is also skeletal dominated (Hallock, 2001) 
 
A 
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5. CONCLUSION 
In summary, this study agrees with past research (Goldberg, 1983; Hine and Steinmetz, 
1984; Purkis et al., 2014) that CSB is a carbonate platform with a poorly accreting rim. CSB has 
been shown, via analysis of platform bathymetry, to have flooded earlier and at higher rates of 
Holocene sea-level rise than the GBB (Purkis et al., 2014). Analysis from the collected field data 
reveal that CSB sediment is poorly sorted, skeletal, relatively depleted in 18O, and slightly 
higher in high-magnesium calcite in comparison to the GBB. The surficial sediment of GBB, by 
contrast, is predominantly non-skeletal, predominantly aragonite, and has relatively higher 18O 
values. The lower range of 18O on CSB compared to GBB is likely a consequence of the coral 
presence and the fact that coral skeletons tend to be isotopically lighter in 18O than in seawater. 
18O values correlate negatively with coral fragments in this dataset. 
Coral fragments are negatively correlated with aragonite and positively correlated with 
HMC (Table 13). Aragonite-secreting scleractinian corals are evident on CSB but not as well 
developed as gorgonian corals (Goldberg, 1983), a species of coral characteristic of hardground 
substrate environments. Gorgonian corals (which tend to have HMC skeletons) are important 
contributors to the coral community on CSB, and are the likely source of the relatively higher 
HMC content on CSB. 
On CSB, Bahamian-type radial ooids are lacking, Halimeda is abundant (especially on 
the windward side of the platform), and non-skeletal sediment is largely composed of 
grapestones and pelletoids; the origin of the latter is likely due to micritization from endolithic 
activity, particularly algae. In contrast, GBB has a high abundance of ooids as a proportion of its 
non-skeletal sediment. The difference in non-skeletal identities between the two banks, along 
with the higher amount of algae on CSB, is an indicator that the environment and depositional 
history diverges, despite both being located in a similar climatic regime. 
That CSB is an incipiently drowned platform that has been unable to keep up with 
carbonate production at the level of GBB has been shown in previous studies. Hallock and 
Schlager (1986) proposed that nutrient excess can reduce or even kill off coral reef growth. 
Increased nutrient concentrations stimulate plankton growth, reducing water transparency and 
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thus reducing coral and calcareous algal growth. CSB, however, is abundant in calcareous algae, 
and coral, while not dominant, is still observed and not rare. Reefs develop in shallow water and 
are depth controlled (Tucker, 1990), and it is these two properties that make them vulnerable to 
sea-level changes. Rapid drowning may produce a layer of Halimeda, and three main stages of 
platform development are described by Webster et al., (2004): 1) initiation, characterized by 
coral-reef growth, 2) incipient drowning, marked by a shift to Halimeda dominance as the 
platforms begin to drown, and 3) complete drowning characterized by platform “turn-off”; CSB 
appears to be in stage 2.  
This study illustrated how a deeper environment is one of the factors in the formation of 
the non-skeletal grains on CSB. A deeper setting, combined with constant current activity, may 
have flushed out more luxuriant coral reefs but algae such as Halimeda was able to be retained 
on the platform. A large data set of grain types and isotopes on a depauperate carbonate platform 
was analyzed for this study, and similarities with other incipiently drowned environments were 
observed (i.e. Serranilla Bank). Further analyses of the grain type, mineralogy, and isotopes on 
other incipiently drowned platforms, along with comparisons with high carbonate producers, will 
enlighten our understanding as to why some platforms flourish while others fail to do so. 
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Appendix. Sample Data Tables 
 
Table 1. Sample, depth, percent gravel, percent sand, percent mud, and grain size facies values of 
each sediment sample collected across Cay Sal Bank. 
Cay Sal Bank 
Sample Depth (m) Gravel  Sand  Mud Facies 
CS-001 NA 7.00% 93.00% 0.00% grainstone 
CS-002 15.50 13.00% 87.00% 1.00% rudstone 
CS-003 13.2 68.00% 32.00% 0.00% rudstone 
CS-004 10.00 16.00% 84.00% 0.00% rudstone 
CS-005 14.00 3.00% 97.00% 0.00% grainstone 
CS-006 16.50 18.00% 82.00% 0.00% rudstone 
CS-007 17.20 15.00% 84.00% 0.00% rudstone 
CS-008 23.51 0.00% 99.00% 0.00% grainstone 
CS-009 13.02 0.00% 99.00% 0.00% grainstone 
CS-010 12.33 2.00% 98.00% 1.00% grainstone 
CS-011 13.9 17.00% 83.00% 0.00% rudstone 
CS-012 NA 10.00% 90.00% 0.00% grainstone 
CS-013 12.7 0.00% 100.00% 0.00% grainstone 
CS-014 11.31 6.00% 94.00% 0.00% grainstone 
CS-015 11.15 17.00% 83.00% 0.00% rudstone 
CS-016 11.65 0.00% 99.00% 0.00% grainstone 
CS-017 17.35 14.00% 86.00% 0.00% rudstone 
CS-018 12.47 1.00% 99.00% 0.00% grainstone 
CS-019 12.15 1.00% 99.00% 0.00% grainstone 
CS-020 8.20 5.00% 94.00% 2.00% packstone 
CS-021 7.65 0.00% 99.00% 0.00% grainstone 
CS-022 NA 0.00% 100.00% 0.00% grainstone 
CS-023 NA 5.00% 94.00% 0.00% grainstone 
CS-024 7.26 8.00% 92.00% 0.00% grainstone 
CS-025 6.62 11.00% 89.00% 0.00% rudstone 
CS-026 6.90 6.00% 94.00% 0.00% grainstone 
CS-027 8.38 4.00% 96.00% 0.00% grainstone 
CS-028 NA 78.00% 22.00% 0.00% rudstone 
CS-029 15.11 4.00% 96.00% 0.00% grainstone 
CS-030 13.21 1.00% 99.00% 0.00% grainstone 
CS-031 13.52 1.00% 99.00% 0.00% grainstone 
CS-032 15.36 0.00% 99.00% 0.00% grainstone 
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CS-033 23.12 9.00% 91.00% 0.00% grainstone 
CS-034 NA 18.00% 82.00% 1.00% rudstone 
CS-035 10.50 61.00% 39.00% 0.00% rudstone 
CS-036 8.50 47.00% 53.00% 0.00% rudstone 
CS-037 10.52 24.00% 76.00% 0.00% rudstone 
CS-038 10.66 3.00% 97.00% 0.00% grainstone 
CS-039 10.66 6.00% 94.00% 0.00% grainstone 
CS-040 13.62 1.00% 99.00% 0.00% grainstone 
CS-041 16.95 1.00% 99.00% 0.00% grainstone 
CS-042 13.37 6.00% 93.00% 0.00% grainstone 
CS-043 8.96 7.00% 93.00% 0.00% grainstone 
CS-044 19.88 8.00% 90.00% 2.00% packstone 
CS-045 6.68 1.00% 99.00% 0.00% grainstone 
CS-046 7.95 6.00% 94.00% 0.00% grainstone 
CS-047 14.10 5.00% 95.00% 0.00% grainstone 
CS-048 12.50 44.00% 56.00% 0.00% rudstone 
CS-049 19.80 6.00% 94.00% 0.00% grainstone 
CS-050 11.65 1.00% 99.00% 0.00% grainstone 
CS-051 4.30 8.00% 91.00% 0.00% grainstone 
CS-052 2.70 19.00% 81.00% 0.00% rudstone 
CS-053 12.33 0.00% 100.00% 0.00% grainstone 
CS-054 10.11 0.00% 100.00% 0.00% grainstone 
CS-055 12.16 1.00% 99.00% 0.00% grainstone 
CS-058 11.61 0.00% 100.00% 0.00% grainstone 
CS-059 9.32 0.00% 100.00% 0.00% grainstone 
CS-060 8.95 18.00% 82.00% 0.00% rudstone 
CS-061 1.30 28.00% 72.00% 0.00% rudstone 
CS-062 8.95 0.00% 100.00% 0.00% grainstone 
CS-064 11.33 2.00% 98.00% 0.00% grainstone 
CS-065 10.58 11.00% 89.00% 0.00% rudstone 
CS-066 11.33 0.00% 99.00% 0.00% grainstone 
CS-067 10.58 0.00% 100.00% 0.00% grainstone 
CS-068 10.08 3.00% 97.00% 0.00% grainstone 
CS-069 9.10 4.00% 96.00% 0.00% grainstone 
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Table 2. Sample ID, mineralogy, and isotope values of sediment collected across Cay Sal Bank. 
ARA = aragonite, HMC = high-magnesium calcite, and LMC = low-magnesium calcite. 
 
Cay Sal Bank 
Sample ARA HMC LMC δ13C (‰) δ18O (‰) 
CS-001 87.08% 7.94% 4.98% 5.19 -0.16 
CS-002 91.22% 6.42% 2.36% 4.45 -0.46 
CS-003 76.00% 24.00% 0.00% 3.65 -0.7 
CS-004 76.04% 14.34% 9.62% 4.02 -0.37 
CS-005 82.00% 18.00% 0.00% 2.77 -1.60 
CS-006 79.60% 21.60% 0.00% 2.79 -0.83 
CS-007 68.51% 33.33% 0.00% 3.34 -1.16 
CS-008 79.34% 21.86% 0.00% 5.11 -0.72 
CS-009 83.99% 16.95% 0.00% 5.58 0.13 
CS-010 89.77% 10.83% 0.00% 5.19 -0.69 
CS-011 82.88% 18.12% 0.00% 4.66 -0.73 
CS-012 77.91% 23.38% 0.00% 2.87 -1.97 
CS-013 94.59% 5.73% 0.00% 5.09 -0.81 
CS-014 89.39% 11.23% 0.00% 4.71 -1.21 
CS-015 91.39% 9.11% 0.00% 4.55 -0.91 
CS-016 89.07% 5.74% 2.79% 5.24 -0.49 
CS-017 86.53% 14.25% 0.00% 3.05 -0.94 
CS-018 76.19% 25.21% 0.00% 5.08 -0.70 
CS-019 79.84% 21.34% 0.00% 5.07 -0.26 
CS-020 86.33% 14.47% 0.00% 4.43 -0.83 
CS-021 92.02% 8.45% 0.00% 5.13 -0.40 
CS-022 88.61% 12.06% 0.00% 4.99 -1.25 
CS-023 84.78% 16.11% 0.00% 4.55 -1.07 
CS-024 82.10% 18.95% 0.00% 5.58 0.02 
CS-025 80.55% 13.05% 6.40% 5.44 -1.03 
CS-026 73.31% 28.26% 0.00% 5.40 -0.19 
CS-027 86.71% 14.06% 0.00% 5.24 0.01 
CS-028 90.43% 10.13% 0.00% 2.88 -1.14 
CS-029 65.01% 37.03% 0.00% 3.08 -0.94 
CS-030 72.36% 29.25% 0.00% 3.92 -0.79 
CS-031 69.72% 32.05% 0.00% 5.06 -0.24 
CS-032 75.08% 18.55% 6.37% 4.49 -0.40 
CS-033 87.97% 12.73% 0.00% 4.36 -0.15 
CS-034 93.14% 7.26% 0.00% 5.14 -0.64 
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CS-035 61.57% 31.50% 6.94% 2.15 -0.88 
CS-036 76.46% 24.92% 0.00% 1.96 -1.56 
CS-037 63.74% 29.05% 7.21% 2.99 -0.94 
CS-038 88.01% 7.05% 4.94% 5.60 -0.12 
CS-039 88.21% 9.90% 1.89% 5.10 -0.66 
CS-049 90.22% 10.36% 0.00% 4.94 -0.97 
CS-050 77.35% 12.85% 9.80% 4.67 -1.31 
CS-051 71.11% 30.58% 0.00% 3.84 -1.39 
CS-052 65.17% 36.87% 0.00% 4.99 -0.57 
CS-053 93.09% 7.31% 0.00% 5.16 -0.39 
CS-054 93.00% 7.41% 0.00% 4.94 -0.69 
CS-055 92.78% 7.64% 0.00% 4.93 -0.48 
CS-058 90.13% 10.45% 0.00% 3.39 -1.09 
CS-059 85.92% 9.11% 4.97% 5.59 -0.03 
CS-060 85.04% 15.84% 0.00% 4.97 -0.86 
CS-061 63.62% 25.28% 11.10% 5.65 0.21 
CS-062 92.20% 8.25% 0.00% 3.86 -1.09 
CS-064 96.19% 4.03% 0.00% 5.05 -0.05 
CS-065 71.30% 30.38% 0.00% 4.60 -0.56 
CS-066 86.83% 13.94% 0.00% 4.97 -0.81 
CS-067 80.92% 20.19% 0.00% 3.86 -1.06 
CS-068 78.56% 19.37% 2.07% 4.98 -0.08 
CS-069 86.25% 14.56% 0.00% 4.10 -0.96 
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Table 3. Sample ID and abundance of each faunal grain type observed across the Cay Sal Bank 
dataset. MO = mollusks, HA = Halimeda, FR = foraminifera, CR = corals, RA = red algae, GS = 
grapestones, PE = peloids, IC = intraclasts, and AN = annelids. 
Cay Sal Bank 
Sample MO HA FR CR RA EC GS PE IC AN 
CS-001 30.00
% 
16.00
% 
8.00% 14.00
% 
4.00% 0.00% 18.00
% 
0.00% 2.00% 8.00% 
CS-002 8.00% 60.00
% 
0.00% 6.00% 0.00% 0.00% 22.00
% 
0.00% 2.00% 2.00% 
CS-003 6.00% 28.00
% 
4.00% 18.00
% 
6.00% 2.00% 2.00% 22.00
% 
12.00
% 
0.00% 
CS-004 12.00
% 
30.00
% 
10.00
% 
20.00
% 
6.00% 0.00% 4.00% 2.00% 12.00
% 
4.00% 
CS-005 20.00
% 
34.00
% 
8.00% 8.00% 0.00% 2.00% 2.00% 0.00% 16.00
% 
10.00
% 
CS-006 4.00% 62.00
% 
2.00% 26.00
% 
0.00% 0.00% 0.00% 2.00% 2.00% 2.00% 
CS-007 6.00% 58.00
% 
0.00% 24.00
% 
4.00% 4.00% 0.00% 0.00% 4.00% 0.00% 
CS-008 2.00% 2.00% 6.00% 0.00% 0.00% 0.00% 52.00
% 
30.00
% 
8.00% 0.00% 
CS-009 2.00% 2.00% 6.00% 4.00% 0.00% 2.00% 50.00
% 
12.00
% 
18.00
% 
4.00% 
CS-010 6.00% 6.00% 16.00
% 
16.00
% 
0.00% 0.00% 18.00
% 
8.00% 6.00% 24.00
% 
CS-011 2.00% 8.00% 6.00% 0.00% 0.00% 2.00% 30.00
% 
34.00
% 
18.00
% 
0.00% 
CS-012 6.00% 54.00
% 
6.00% 24.00
% 
0.00% 4.00% 0.00% 0.00% 6.00% 0.00% 
CS-013 6.00% 4.00% 20.00
% 
12.00
% 
2.00% 0.00% 42.00
% 
10.00
% 
0.00% 4.00% 
CS-014 12.00
% 
30.00
% 
12.00
% 
12.00
% 
6.00% 0.00% 0.00% 0.00% 22.00
% 
6.00% 
CS-015 42.00
% 
12.00
% 
2.00% 12.00
% 
0.00% 0.00% 8.00% 2.00% 20.00
% 
2.00% 
CS-016 6.00% 8.00% 0.00% 10.00
% 
2.00% 0.00% 26.00
% 
44.00
% 
4.00% 0.00% 
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CS-017 20.00
% 
48.00
% 
4.00% 16.00
% 
0.00% 4.00% 2.00% 0.00% 4.00% 2.00% 
CS-018 10.00
% 
14.00
% 
4.00% 20.00
% 
0.00% 0.00% 28.00
% 
2.00% 14.00
% 
8.00% 
CS-019 12.00
% 
6.00% 6.00% 8.00% 0.00% 0.00% 46.00
% 
6.00% 14.00
% 
2.00% 
CS-020 30.00
% 
14.00
% 
8.00% 16.00
% 
10.00
% 
0.00% 2.00% 2.00% 10.00
% 
8.00% 
CS-021 0.00% 0.00% 0.00% 0.00% 2.00% 0.00% 36.00
% 
50.00
% 
8.00% 4.00% 
CS-022 8.00% 4.00% 6.00% 12.00
% 
0.00% 0.00% 30.00
% 
34.00
% 
6.00% 0.00% 
CS-023 26.00
% 
4.00% 12.00
% 
28.00
% 
10.00
% 
2.00% 2.00% 2.00% 10.00
% 
4.00% 
CS-024 18.00
% 
14.00
% 
4.00% 2.00% 0.00% 0.00% 60.00
% 
0.00% 2.00% 0.00% 
CS-025 18.00
% 
8.00% 0.00% 14.00
% 
0.00% 0.00% 50.00
% 
0.00% 4.00% 6.00% 
CS-026 10.00
% 
6.00% 8.00% 10.00
% 
0.00% 0.00% 66.00
% 
0.00% 0.00% 0.00% 
CS-027 32.00
% 
6.00% 18.00
% 
4.00% 2.00% 0.00% 24.00
% 
0.00% 8.00% 6.00% 
CS-028 8.00% 32.00
% 
12.00
% 
16.00
% 
2.00% 2.00% 16.00
% 
8.00% 4.00% 0.00% 
CS-029 8.00% 14.00
% 
40.00
% 
14.00
% 
14.00
% 
2.00% 4.00% 0.00% 0.00% 4.00% 
CS-030 14.00
% 
12.00
% 
24.00
% 
18.00
% 
20.00
% 
6.00% 0.00% 0.00% 4.00% 2.00% 
CS-031 4.00% 4.00% 10.00
% 
12.00
% 
0.00% 2.00% 44.00
% 
6.00% 14.00
% 
4.00% 
CS-032 12.00
% 
46.00
% 
16.00
% 
12.00
% 
4.00% 2.00% 0.00% 0.00% 8.00% 0.00% 
CS-033 14.00
% 
24.00
% 
12.00
% 
16.00
% 
12.00
% 
4.00% 0.00% 0.00% 16.00
% 
2.00% 
CS-034 2.00% 76.00
% 
4.00% 10.00
% 
0.00% 2.00% 0.00% 0.00% 6.00% 0.00% 
CS-035 30.00
% 
34.00
% 
0.00% 22.00
% 
0.00% 8.00% 0.00% 0.00% 6.00% 0.00% 
CS-036 60.00
% 
8.00% 0.00% 22.00
% 
0.00% 4.00% 0.00% 0.00% 6.00% 0.00% 
CS-037 18.00
% 
30.00
% 
0.00% 34.00
% 
10.00
% 
2.00% 0.00% 0.00% 6.00% 0.00% 
CS-038 10.00
% 
10.00
% 
6.00% 6.00% 0.00% 0.00% 62.00
% 
0.00% 4.00% 2.00% 
CS-039 0.00% 6.00% 2.00% 18.00
% 
0.00% 0.00% 62.00
% 
10.00
% 
2.00% 0.00% 
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CS-040 3.00% 0.50% 2.50% 8.00% 1.00% 0.00% 85.00
% 
0.00% 0.00% 0.00% 
CS-041 3.00% 0.00% 5.00% 0.00% 0.00% 0.00% 90.00
% 
1.00% 0.00% 1.00% 
CS-042 8.50% 3.50% 9.00% 16.00
% 
5.00% 0.00% 56.00
% 
0.00% 0.00% 2.00% 
CS-043 3.00% 25.50
% 
1.00% 13.00
% 
4.00% 0.00% 53.50
% 
0.00% 0.00% 0.00% 
CS-044 12.00
% 
58.00
% 
9.50% 3.50% 0.00% 0.00% 10.50
% 
6.50% 0.00% 0.00% 
CS-045 3.50% 5.00% 2.50% 0.00% 0.00% 0.00% 80.50
% 
8.50% 0.00% 0.00% 
CS-046 6.50% 0.00% 2.50% 0.00% 0.00% 0.00% 91.00
% 
0.00% 0.00% 0.00% 
CS-047 0.00% 2.00% 1.00% 0.00% 0.00% 0.00% 97.00
% 
0.00% 0.00% 0.00% 
CS-048 6.00% 4.00% 5.00% 0.00% 0.00% 0.00% 83.50
% 
0.00% 0.00% 1.50% 
CS-049 18.00
% 
18.00
% 
2.00% 36.00
% 
0.00% 0.00% 0.00% 2.00% 20.00
% 
4.00% 
CS-050 28.00
% 
4.00% 38.00
% 
8.00% 0.00% 0.00% 20.00
% 
2.00% 0.00% 0.00% 
CS-051 24.00
% 
32.00
% 
0.00% 10.00
% 
0.00% 2.00% 0.00% 6.00% 20.00
% 
6.00% 
CS-052 24.00
% 
26.00
% 
2.00% 20.00
% 
4.00% 12.00
% 
0.00% 0.00% 10.00
% 
2.00% 
CS-053 8.00% 0.00% 2.00% 2.00% 0.00% 0.00% 28.00
% 
54.00
% 
6.00% 0.00% 
CS-054 4.00% 0.00% 4.00% 4.00% 0.00% 0.00% 36.00
% 
44.00
% 
6.00% 2.00% 
CS-055 6.00% 8.00% 26.00
% 
14.00
% 
0.00% 0.00% 28.00
% 
12.00
% 
0.00% 6.00% 
CS-058 0.00% 8.00% 2.00% 8.00% 2.00% 2.00% 32.00
% 
34.00
% 
12.00
% 
0.00% 
CS-059 0.00% 4.00% 0.00% 6.00% 0.00% 0.00% 28.00
% 
42.00
% 
20.00
% 
0.00% 
CS-060 28.00
% 
40.00
% 
0.00% 18.00
% 
2.00% 4.00% 0.00% 0.00% 2.00% 6.00% 
CS-061 26.00
% 
16.00
% 
20.00
% 
18.00
% 
2.00% 2.00% 12.00
% 
0.00% 0.00% 4.00% 
CS-062 10.00
% 
0.00% 4.00% 0.00% 2.00% 0.00% 84.00
% 
0.00% 0.00% 0.00% 
CS-064 4.00% 4.00% 0.00% 0.00% 0.00% 0.00% 92.00
% 
0.00% 0.00% 0.00% 
CS-065 20.00
% 
0.00% 0.00% 20.00
% 
2.00% 0.00% 54.00
% 
0.00% 0.00% 4.00% 
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CS-066 4.00% 4.00% 2.00% 0.00% 0.00% 0.00% 88.00
% 
0.00% 0.00% 2.00% 
CS-067 0.00% 6.00% 2.00% 6.00% 0.00% 0.00% 10.00
% 
74.00
% 
2.00% 0.00% 
CS-068 22.00
% 
12.00
% 
2.00% 28.00
% 
2.00% 2.00% 22.00
% 
0.00% 0.00% 10.00
% 
CS-069 16.00
% 
30.00
% 
6.00% 16.00
% 
0.00% 0.00% 6.00% 0.00% 26.00
% 
0.00% 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Sample ID, Harris revised grain size facies, and faunal grain abundance across the Great 
Bahama Bank. Data is from Reijmer et al. (2009) and Swart et al. (2009). OO = ooids, PE = 
peloids, PL = pellets, GS = grapestones, and SK = skeletal fragments. Faunal grain type was 
marked as existing on the sample, rather than documented as a numerical percentage. 
 
Great Bahama Bank 
Sample Harris Revised Facies OO PE PL GS SK 
GBB0601-01 5.0 
 
x 
 
x 
 
GBB0601-02 4.0 
 
x 
 
x 
 
GBB0601-03 4.0 
 
x 
 
x x 
GBB0601-04 3.0 
 
x 
 
x x 
GBB0601-05 3.0 
 
x 
   
GBB0601-06 3.0 
 
x 
   
GBB0601-07 2.0 
 
x x 
 
x 
GBB0601-08 1.0 
 
x x 
 
x 
GBB0601-09 1.0 
  
x 
  
GBB0601-10 1.0 
  
x 
  
GBB0601-11 1.0 
 
x x 
  
GBB0601-12 1.0 
 
x 
   
GBB0601-14 1.0 
 
x x 
 
x 
GBB0601-18 1.0 
 
x x 
  
GBB0901-01 5.0 x x 
  
x 
GBB0901-02 4.0 x x 
  
x 
GBB0901-03 4.0 x x 
  
x 
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GBB0901-04 5.0 x x 
  
x 
GBB0901-05 5.0 x x 
 
x x 
GBB0901-06 4.0 x x 
  
x 
GBB0901-07 4.0 x x 
  
x 
GBB0901-08 5.0 x x 
  
x 
GBB0901-09 4.0 x x 
  
x 
GBB0901-10 3.0 x x 
  
x 
GBB0901-11 5.0 x x 
 
x x 
GBB0901-12 4.0 x x 
  
x 
GBB0901-13 5.0 x x 
  
x 
GBB0901-14 4.0 x x 
  
x 
GBB0901-15 5.0 x x 
  
x 
GBB0901-16 5.0 x x 
 
x x 
GBB0901-17 5.0 x x 
  
x 
GBB0901-18 5.0 x x 
  
x 
GBB0901-19 5.0 x x 
  
x 
GBB0901-20 4.0 x 
    
GBB0901-21 5.0 x x 
 
x x 
GBB0901-22 5.0 x 
    
GBB0901-23 5.0 x 
    
GBB0901-24 5.0 
 
x 
 
x x 
GBB0901-25 5.0 
 
x 
  
x 
GBB0901-26 4.0 
     
GBB0901-27 3.0 
     
GBB0901-30 3.0 
 
x x 
 
x 
GBB0901-31 4.0 
 
x 
 
x x 
GBB0901-32 4.0 
 
x 
 
x 
 
GBB0901-33 4.0 
 
x 
 
x x 
GBB0901-34 4.0 
 
x 
 
x 
 
GBB0901-35 5.0 
 
x 
 
x 
 
GBB0901-36 5.0 x x 
  
x 
GBB0901-37 N/A 
 
x 
 
x 
 
GBB0901-38 3.0 
 
x 
 
x 
 
GBB0901-39 4.0 
 
x 
   
GBB0901-40 3.0 
 
x x 
  
GBB0901-41 3.0 
 
x x 
  
GBB0901-42 3.0 
 
x x 
 
x 
GBB0901-43 2.0 
  
x 
 
x 
GBB0901-44 3.0 
  
x 
 
x 
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GBB0901-45 3.0 
 
x x 
 
x 
GBB0901-46 3.0 
 
x 
  
x 
GBB0901-47 3.0 
 
x x 
 
x 
GBB0901-48 2.0 
  
x 
 
x 
GBB0901-49 3.0 
 
x x 
 
x 
GBB0901-50 2.0 
 
x 
  
x 
GBB0901-51 3.0 
  
x 
 
x 
GBB0901-52 3.0 x x x 
 
x 
GBB0901-53 3.0 x x x 
 
x 
GBB0901-54 2.0 
     
GBB0901-55 3.0 
     
GBB0901-56 2.0 
     
GBB0901-57 3.0 
  
x 
  
GBB0901-58 4.0 
     
GBB0901-59 2.0 
     
GBB0901-60 3.0 
     
GBB0901-61 3.0 
     
GBB0901-62 3.0 
     
GBB0901-63 3.0 x x 
   
GBB0901-64 5.0 x x 
   
GBB0901-65 3.0 x x 
   
GBB0901-66 5.0 x x 
   
GBB0901-67 5.0 x x 
   
GBB0901-68 5.0 x x 
   
GBB0901-69 N/A 
    
x 
GBB0901-70 5.0 
    
x 
GBB0901-71 5.0 
 
x 
  
x 
GBB0901-73 4.0 
    
x 
GBB0901-74 4.0 
    
x 
GBB0901-75 N/A 
    
x 
GBB0901-76 4.0 
    
x 
GBB0901-77 5.0 
    
x 
GBB0902-01 5.0 
 
x 
  
x 
GBB0902-02 1.0 
  
x 
 
x 
GBB0902-03 1.0 
 
x x 
 
x 
GBB0902-04 2.0 
  
x 
 
x 
GBB0902-05 4.0 
 
x 
 
x x 
GBB0902-06 2.0 
 
x x 
 
x 
GBB0902-07 2.0 
  
x 
 
x 
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GBB0902-08 1.0 
  
x 
  
GBB0902-09 1.0 
 
x 
  
x 
GBB0902-10 2.0 
  
x 
 
x 
GBB0902-11 2.0 
  
x 
 
x 
GBB0902-12 2.0 
  
x 
 
x 
GBB0902-14 2.0 
  
x 
 
x 
GBB0902-16 1.0 
 
x x 
  
GBB0902-17 2.0 
  
x 
  
GBB0902-18 1.0 
 
x 
  
x 
GBB0902-20 4.0 x x 
  
x 
GBB0902-21 4.0 x 
   
x 
GBB0902-22 3.0 x 
   
x 
GBB0902-23 3.0 x 
   
x 
GBB0902-25 5.0 x x 
  
x 
GBB0902-26 5.0 x x 
 
x x 
GBB0902-27 4.0 x x 
  
x 
GBB0902-28 4.0 x x x 
 
x 
GBB0902-29 5.0 x x 
 
x x 
GBB0902-30 5.0 x x 
 
x 
 
GBB0902-31 5.0 x x 
 
x x 
GBB0902-32 4.0 x x 
 
x x 
GBB0902-33 N/A x x 
 
x x 
GBB0902-34 5.0 x x 
 
x x 
GBB0902-36 5.0 x x 
 
x x 
GBB0902-37 5.0 x x 
 
x x 
GBB0902-38 5.0 x x 
 
x x 
GBB0902-39 6.0 
    
x 
GBB0902-40 5.0 
    
x 
GBB0902-41 6.0 
    
x 
GBB0902-43 5.0 
 
x 
  
x 
GBB0902-44 4.0 
 
x 
  
x 
GBB0902-45 N/A 
 
x 
 
x x 
GBB0902-46 5.0 
 
x 
 
x x 
GBB0902-47 5.0 
 
x 
 
x x 
GBB0902-48 4.0 
 
x 
 
x x 
GBB0902-49 4.0 
 
x 
 
x x 
GBB0902-50 5.0 
 
x 
  
x 
GBB0902-51 5.0 
 
x 
  
x 
GBB0903-01 4.0 
 
x 
  
x 
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GBB0903-02 5.0 
 
x 
  
x 
GBB0903-03 4.0 
 
x 
  
x 
GBB0903-04 5.0 x x 
  
x 
GBB0903-05 4.0 
 
x 
  
x 
GBB0903-06 2.0 
 
x 
  
x 
GBB0903-07 2.0 
  
x 
  
GBB0903-08 1.0 
 
x 
   
GBB0903-09 2.0 
 
x 
  
x 
GBB0903-10 2.0 
 
x 
  
x 
GBB0903-11 1.0 
 
x 
  
x 
GBB0903-12 2.0 
 
x 
  
x 
GBB0903-13 2.0 
 
x 
  
x 
GBB0903-14 3.0 
 
x 
  
x 
GBB0903-15 3.0 
 
x 
  
x 
GBB0903-16 2.0 
 
x 
  
x 
GBB0903-17 2.0 
 
x 
  
x 
GBB0903-18 2.0 
 
x 
  
x 
GBB0903-19 3.0 
 
x 
   
GBB0903-20 3.0 
 
x 
   
GBB0903-21 3.0 
 
x 
   
GBB0903-22 2.0 
 
x 
  
x 
GBB0903-23 3.0 
 
x 
  
x 
GBB0903-24 2.0 
 
x 
  
x 
GBB0903-25 3.0 
 
x 
  
x 
GBB0903-26 3.0 
 
x 
  
x 
GBB0903-27 2.0 
 
x 
  
x 
GBB0903-28 3.0 
 
x 
  
x 
GBB0903-29 3.0 
 
x 
  
x 
GBB0903-30 3.0 
 
x 
  
x 
GBB0903-31 3.0 
 
x 
  
x 
GBB0903-32 3.0 
 
x 
  
x 
GBB0903-33 3.0 
 
x 
  
x 
GBB0903-34 3.0 
 
x 
  
x 
GBB0903-35 3.0 
 
x 
  
x 
GBB0903-36 3.0 
 
x 
  
x 
GBB0903-37 4.0 
 
x 
  
x 
GBB0903-38 4.0 
 
x 
  
x 
GBB0903-39 4.0 x x 
  
x 
GBB0903-40 4.0 x x 
  
x 
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GBB0903-41 4.0 x x 
  
x 
GBB0903-42 4.0 x x 
  
x 
GBB0903-43 4.0 x x 
  
x 
GBB0903-44 4.0 x x 
  
x 
GBB0903-45 3.0 x x 
  
x 
GBB0903-46 3.0 
 
x 
  
x 
GBB0903-47 3.0 
 
x 
  
x 
GBB0903-48 2.0 
 
x 
  
x 
GBB0903-49 1.0 
 
x 
  
x 
GBB0903-50 1.0 
 
x 
  
x 
GBB0903-51 1.0 
 
x 
  
x 
GBB0903-52 2.0 
 
x 
  
x 
GBB0903-53 4.0 x x 
  
x 
GBB1104-02 5.0 
 
x 
  
x 
GBB1104-03 5.0 x x 
  
x 
GBB1104-04 5.0 
     
GBB1104-05 5.0 x x 
  
x 
GBB1104-06 5.0 x x 
  
x 
GBB1104-07 5.0 x x 
  
x 
GBB1104-08 5.0 
    
x 
GBB1104-09 5.0 x x 
  
x 
GBB1104-10 3.0 
 
x 
  
x 
GBB1104-11 1.0 
 
x x 
 
x 
GBB1104-12 1.0 
 
x x 
 
x 
GBB1104-13 1.0 
 
x x 
 
x 
GBB1104-14 2.0 
 
x x 
 
x 
GBB1104-15 2.0 
 
x x 
 
x 
GBB1104-16 2.0 
 
x x 
 
x 
GBB1104-17 5.0 
 
x 
  
x 
GBB1104-18 5.0 x x 
  
x 
GBB1104-19 5.0 x x 
  
x 
GBB1104-20 5.0 
 
x 
 
x x 
GBB1104-21 5.0 
 
x 
 
x x 
GBB1104-22 5.0 
 
x 
 
x x 
GBB1104-23 5.0 
 
x 
 
x x 
GBB1104-24 5.0 
 
x 
 
x x 
GBB1104-25 5.0 
 
x 
 
x x 
GBB1104-26 5.0 
 
x 
 
x x 
GBB1104-27 5.0 
 
x 
 
x x 
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GBB1104-28 5.0 
 
x 
 
x x 
GBB1104-29 5.0 X x 
 
x x 
GBB1104-30 5.0 X x 
 
x x 
GBB1104-31 3.0 X X 
 
X X 
GBB1104-32 3.0 X X 
 
X X 
GBB1104-33 3.0 x x x 
 
x 
GBB1104-34 3.0 x x x 
 
x 
GBB1104-35 3.0 x x 
  
x 
GBB1104-36 3.0 x x 
  
x 
GBB1104-37 5.0 x x 
  
x 
GBB1104-38 5.0 x x 
  
x 
GBB1104-39 5.0 
 
x 
  
x 
GBB1104-40 5.0 
 
x 
  
x 
GBB1104-41 5.0 x x 
  
x 
GBB1104-42 5.0 
 
x 
  
x 
GBB1104-43 5.0 
 
x 
  
x 
GBB1104-45 5.0 
 
x 
   
GBB1104-46 5.0 
 
x 
   
GBB1104-47 5.0 x x 
 
x x 
GBB1104-48 5.0 x x 
  
x 
GBB1104-49 5.0 x x 
  
x 
GBB1104-50 5.0 x x 
 
x x 
GBB1104-51 3.0 
    
x 
GBB1104-52 3.0 
    
x 
GBB1104-54 3.0 
    
x 
GBB1104-55 5.0 
    
x 
GBB1104-56 5.0 
    
x 
GBB1104-57 5.0 
 
x 
  
x 
GBB1104-58 5.0 
 
x 
  
x 
GBB1104-60 5.0 
 
x 
 
x x 
GBB1104-61 5.0 x x 
  
x 
GBB1104-62 5.0 x x 
  
x 
GBB1104-64 5.0 
 
x 
  
x 
GBB1104-65 5.0 x x 
  
x 
GBB1104-66 5.0 x x 
  
x 
GBB1104-67 5.0 x x 
  
x 
GBB1104-69 5.0 x x 
  
x 
GBB1104-70 5.0 x x 
  
x 
GBB1104-72 5.0 x x 
  
x 
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GBB1104-74 5.0 
 
x 
  
x 
GBB1104-75 5.0 
 
x 
  
x 
GBB1104-76 5.0 
 
x 
  
x 
GBB1104-77 5.0 
 
x 
  
x 
GBB1104-78 5.0 
 
x 
  
x 
GBB1104-79 5.0 
 
x 
  
x 
GBB1104-80 5.0 
 
x 
  
x 
 
 
 
 
 
 
Table 5. Sample ID, isotope, and mineralogical values of Great Bahama Bank samples. Data is 
from Reijmer et al. (2009) and Swart et al. (2009). ARA = aragonite, HMC = high-magnesium 
calcite, and LMC = low-magnesium calcite. 
 
Great Bahama Bank 
Sample δ13C (‰) δ18O (‰) ARA HMC LMC 
GBB0601-01 5.16 0.42 98.10% 1.90% 0.00% 
GBB0601-02 5.15 0.61 93.70% 6.30% 0.00% 
GBB0601-03 5.00 -0.02 96.00% 4.00% 0.00% 
GBB0601-04 4.69 0.35 94.50% 5.50% 0.00% 
GBB0601-05 4.68 0.28 92.50% 7.50% 0.00% 
GBB0601-06 4.42 0.37 95.60% 4.40% 0.00% 
GBB0601-07 4.43 0.32 92.70% 7.30% 0.00% 
GBB0601-08 3.57 0.42 92.10% 6.50% 1.40% 
GBB0601-09 3.66 0.52 89.90% 6.30% 3.70% 
GBB0601-11 3.22 0.3 86.20% 12.20% 1.70% 
GBB0601-12 4.38 0.12 91.80% 6.40% 1.80% 
GBB0601-14 4.66 0.27 94.20% 4.90% 0.90% 
GBB0601-16 4.75 0.82 95.90% 4.10% 0.00% 
GBB0601-18 4.29 0.30 95.60% 3.60% 0.80% 
GBB0901-01 4.99 0.14 91.70% 8.30% 0.00% 
GBB0901-02 4.94 0.13 100.00% 0.00% 0.00% 
GBB0901-03 4.93 0.09 96.20% 3.80% 0.00% 
GBB0901-04 5.08 0.22 94.50% 5.50% 0.00% 
GBB0901-05 5.05 0.09 95.60% 4.40% 0.00% 
GBB0901-06 5.02 0.05 95.00% 5.00% 0.00% 
GBB0901-07 4.63 -0.02 93.80% 6.20% 0.00% 
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GBB0901-08 4.95 0.07 96.10% 3.90% 0.00% 
GBB0901-09 5.07 0.2 95.90% 4.10% 0.00% 
GBB0901-10 4.88 -0.04 96.20% 3.70% 0.00% 
GBB0901-11 5.06 -0.23 91.40% 8.00% 0.70% 
GBB0901-12 4.93 0.14 93.50% 6.50% 0.00% 
GBB0901-13 5.11 0.30 96.40% 3.60% 0.00% 
GBB0901-14 5.04 0.06 94.20% 5.80% 0.00% 
GBB0901-15 5.21 0.53 96.50% 3.50% 0.00% 
GBB0901-16 5.06 0.44 94.20% 5.80% 0.00% 
GBB0901-17 5.34 0.81 93.20% 6.80% 0.00% 
GBB0901-18 5.00 0.27 96.20% 3.80% 0.00% 
GBB0901-19 4.72 0.31 94.50% 5.50% 0.00% 
GBB0901-20 4.91 0.14 94.00% 6.00% 0.00% 
GBB0901-21 4.94 0.49 96.50% 3.50% 0.00% 
GBB0901-22 4.93 0.06 97.50% 2.50% 0.00% 
GBB0901-23 4.99 0.08 95.50% 4.50% 0.00% 
GBB0901-24 5.00 0.37 96.90% 3.10% 0.00% 
GBB0901-25 5.21 0.50 96.60% 3.40% 0.00% 
GBB0901-26 5.16 0.33 94.40% 5.60% 0.00% 
GBB0901-27 4.68 0.74 94.90% 5.10% 0.00% 
GBB0901-30 4.80 0.18 88.60% 11.40% 0.00% 
GBB0901-31 4.95 0.37 96.10% 3.90% 0.00% 
GBB0901-32 5.20 0.67 92.80% 7.20% 0.00% 
GBB0901-33 4.96 0.18 93.20% 6.80% 0.00% 
GBB0901-34 4.87 0.31 96.50% 3.50% 0.00% 
GBB0901-35 4.88 -0.08 95.40% 4.60% 0.00% 
GBB0901-36 4.90 0.4 96.50% 3.50% 0.00% 
GBB0901-37 5.05 0.77 93.90% 6.10% 0.00% 
GBB0901-38 5.03 0.57 96.80% 3.20% 0.00% 
GBB0901-39 4.66 0.26 91.70% 8.30% 0.00% 
GBB0901-40 4.82 0.34 94.50% 5.50% 0.00% 
GBB0901-41 4.69 0.37 91.70% 8.30% 0.00% 
GBB0901-42 4.67 0.29 86.90% 13.10% 0.00% 
GBB0901-43 4.42 0.22 87.30% 12.70% 0.00% 
GBB0901-44 4.62 0.47 88.70% 11.30% 0.00% 
GBB0901-45 4.49 0.33 86.20% 13.80% 0.00% 
GBB0901-46 4.51 0.60 82.70% 17.30% 0.00% 
GBB0901-47 4.30 0.60 85.90% 14.10% 0.00% 
GBB0901-48 4.59 0.33 84.30% 15.70% 0.00% 
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GBB0901-49 4.54 0.32 85.30% 14.70% 0.00% 
GBB0901-50 4.49 0.27 79.70% 20.30% 0.00% 
GBB0901-51 5.02 0.22 75.20% 24.80% 0.00% 
GBB0901-52 4.58 0.57 84.90% 15.10% 0.00% 
GBB0901-53 4.74 0.9 86.60% 11.00% 1.60% 
GBB0901-54 4.48 0.48 90.20% 9.80% 0.00% 
GBB0901-55 4.60 0.38 83.50% 16.50% 0.00% 
GBB0901-56 4.61 0.53 86.10% 13.90% 0.00% 
GBB0901-57 4.93 0.8 91.50% 8.50% 0.00% 
GBB0901-58 4.54 0.76 78.80% 21.20% 0.00% 
GBB0901-59 4.76 0.51 72.90% 26.00% 0.50% 
GBB0901-60 4.43 0.47 91.50% 8.50% 0.00% 
GBB0901-61 4.60 0.03 90.00% 10.00% 0.00% 
GBB0901-62 4.81 0.49 87.90% 12.10% 0.00% 
GBB0901-63 5.29 1.22 94.50% 5.50% 0.00% 
GBB0901-64 4.93 0.55 96.10% 3.90% 0.00% 
GBB0901-65 4.59 0.20 87.20% 12.80% 0.00% 
GBB0901-66 5.11 0.39 95.90% 4.10% 0.00% 
GBB0901-67 5.23 0.69 95.50% 4.50% 0.00% 
GBB0901-68 5.19 0.22 95.30% 4.70% 0.00% 
GBB0901-69 4.73 -0.2 65.10% 34.90% 0.00% 
GBB0901-70 5.01 -0.14 88.60% 11.40% 0.00% 
GBB0901-71 4.98 -0.4 94.90% 5.10% 0.00% 
GBB0901-73 4.51 -0.78 81.90% 18.10% 0.00% 
GBB0901-74 4.14 -0.66 82.60% 16.00% 0.60% 
GBB0901-75 4.05 -0.57 77.00% 23.00% 0.00% 
GBB0901-76 4.43 -0.34 83.00% 17.00% 0.00% 
GBB0901-77 4.48 -0.25 83.00% 17.00% 0.00% 
GBB0902-01 4.51 -0.23 73.40% 26.60% 0.00% 
GBB0902-02 4.52 0.31 99.80% 0.20% 0.00% 
GBB0902-03 4.70 0.3 92.10% 7.90% 0.00% 
GBB0902-04 4.61 0.34 91.10% 8.90% 0.00% 
GBB0902-05 5.15 0.68 89.70% 10.30% 0.00% 
GBB0902-06 4.75 0.51 95.40% 4.60% 0.00% 
GBB0902-07 4.67 0.43 93.80% 6.20% 0.00% 
GBB0902-08 4.68 0.40 94.00% 6.00% 0.00% 
GBB0902-09 4.55 0.34 93.90% 6.10% 0.00% 
GBB0902-10 4.86 0.36 92.60% 7.40% 0.00% 
GBB0902-11 4.76 0.27 93.00% 7.00% 0.00% 
 
 
 
 
 
97 
 
GBB0902-12 4.82 0.32 93.10% 6.90% 0.00% 
GBB0902-14 4.79 0.34 93.50% 6.50% 0.00% 
GBB0902-16 4.77 0.08 89.40% 10.60% 0.00% 
GBB0902-17 4.68 0.05 91.60% 8.40% 0.00% 
GBB0902-18 4.60 -0.10 93.50% 6.50% 0.00% 
GBB0902-20 4.72 0.25 97.70% 2.30% 0.00% 
GBB0902-21 4.85 0.09 97.00% 3.00% 0.00% 
GBB0902-22 4.65 0.09 96.00% 4.00% 0.00% 
GBB0902-23 4.79 0.00 93.10% 6.90% 0.00% 
GBB0902-25 4.87 0.24 99.70% 0.30% 0.00% 
GBB0902-26 5.08 0.23 95.30% 4.70% 0.00% 
GBB0902-27 5.02 0.24 93.10% 6.90% 0.00% 
GBB0902-28 5.08 0.4 94.50% 5.50% 0.00% 
GBB0902-29 5.16 0.59 99.70% 0.30% 0.00% 
GBB0902-30 5.22 0.46 99.70% 0.30% 0.00% 
GBB0902-31 5.01 0.20 96.30% 3.70% 0.00% 
GBB0902-32 4.98 0.19 95.40% 4.60% 0.00% 
GBB0902-33 5.04 -0.04 91.50% 8.50% 0.00% 
GBB0902-34 4.91 0.02 95.50% 4.50% 0.00% 
GBB0902-36 4.96 0.02 93.60% 6.40% 0.00% 
GBB0902-37 4.93 -0.13 89.80% 10.20% 0.00% 
GBB0902-38 4.05 -0.24 82.20% 17.80% 0.00% 
GBB0902-39 3.58 -0.16 97.50% 2.50% 0.00% 
GBB0902-40 4.05 -0.43 86.70% 13.30% 0.00% 
GBB0902-41 3.73 0.05 91.20% 8.80% 0.00% 
GBB0902-43 4.41 -0.23 74.60% 25.40% 0.00% 
GBB0902-44 4.77 -0.11 85.90% 14.10% 0.00% 
GBB0902-45 4.85 -0.12 89.70% 10.30% 0.00% 
GBB0902-46 4.99 0.22 94.30% 5.70% 0.00% 
GBB0902-47 5.01 0.18 92.00% 8.00% 0.00% 
GBB0902-48 5.07 0.06 97.00% 3.00% 0.00% 
GBB0902-49 4.88 0.06 79.00% 21.00% 0.00% 
GBB0902-50 4.78 0.08 90.00% 10.00% 0.00% 
GBB0902-51 3.80 -0.32 90.40% 9.60% 0.00% 
GBB0903-01 5.47 1.39 93.10% 4.60% 2.30% 
GBB0903-02 5.11 0.60 100.00% 0.00% 0.00% 
GBB0903-03 5.47 1.33 94.70% 5.30% 0.00% 
GBB0903-04 5.40 1.14 94.20% 5.80% 0.00% 
GBB0903-05 5.39 1.53 95.50% 4.50% 0.00% 
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GBB0903-06 4.76 0.39 93.90% 6.10% 0.00% 
GBB0903-07 4.86 1.03 94.80% 5.20% 0.00% 
GBB0903-08 4.89 0.84 94.40% 5.60% 0.00% 
GBB0903-09 4.67 0.86 94.40% 5.60% 0.00% 
GBB0903-10 4.84 0.95 93.10% 6.90% 0.00% 
GBB0903-11 4.78 0.65 92.70% 7.30% 0.00% 
GBB0903-12 4.82 0.63 92.00% 4.50% 3.50% 
GBB0903-13 4.91 1.07 94.90% 5.10% 0.00% 
GBB0903-14 4.85 1.33 93.80% 6.20% 0.00% 
GBB0903-15 4.90 1.40 92.00% 8.00% 0.00% 
GBB0903-16 4.84 0.85 93.80% 6.20% 0.00% 
GBB0903-17 4.89 0.69 92.00% 8.00% 0.00% 
GBB0903-18 4.75 0.92 94.70% 5.30% 0.00% 
GBB0903-19 4.79 0.74 94.50% 5.50% 0.00% 
GBB0903-20 4.91 0.80 95.20% 4.80% 0.00% 
GBB0903-21 4.95 0.93 94.70% 5.30% 0.00% 
GBB0903-22 4.99 0.83 95.40% 4.60% 0.00% 
GBB0903-23 4.66 0.73 95.00% 5.00% 0.00% 
GBB0903-24 4.56 0.75 95.00% 5.00% 0.00% 
GBB0903-25 4.97 0.92 96.10% 3.90% 0.00% 
GBB0903-26 4.74 0.83 94.20% 5.80% 0.00% 
GBB0903-27 4.81 0.91 94.80% 5.20% 0.00% 
GBB0903-28 4.79 0.81 92.50% 7.50% 0.00% 
GBB0903-29 4.90 0.64 94.80% 5.20% 0.00% 
GBB0903-30 4.68 0.76 94.20% 5.80% 0.00% 
GBB0903-31 4.86 0.72 93.10% 6.90% 0.00% 
GBB0903-32 4.83 0.72 88.10% 11.90% 0.00% 
GBB0903-33 4.92 0.59 90.90% 9.10% 0.00% 
GBB0903-34 4.85 0.74 93.00% 7.00% 0.00% 
GBB0903-35 4.73 0.94 90.70% 9.30% 0.00% 
GBB0903-36 4.84 0.82 91.80% 8.20% 0.00% 
GBB0903-37 4.72 0.75 92.00% 8.00% 0.00% 
GBB0903-38 5.20 0.57 97.60% 2.40% 0.00% 
GBB0903-39 5.17 0.74 98.00% 2.00% 0.00% 
GBB0903-40 5.30 0.98 97.40% 2.60% 0.00% 
GBB0903-41 5.20 1.05 98.00% 2.00% 0.00% 
GBB0903-42 5.14 0.91 98.20% 1.80% 0.00% 
GBB0903-43 5.01 0.93 96.80% 3.20% 0.00% 
GBB0903-44 4.98 0.56 95.20% 4.80% 0.00% 
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GBB0903-45 4.91 0.54 98.10% 1.60% 0.30% 
GBB0903-46 4.87 0.67 95.30% 4.70% 0.00% 
GBB0903-47 4.88 1.19 93.30% 6.70% 0.00% 
GBB0903-48 4.86 1.24 97.50% 2.50% 0.00% 
GBB0903-49 4.84 0.71 93.40% 6.60% 0.00% 
GBB0903-50 4.93 1.20 93.10% 6.90% 0.00% 
GBB0903-51 4.93 0.87 93.10% 6.90% 0.00% 
GBB0903-52 4.78 0.92 93.30% 6.70% 0.00% 
GBB0903-53 5.19 1.20 83.00% 17.00% 0.00% 
GBB1104-02 4.44 0.14 84.70% 15.30% 0.00% 
GBB1104-03 5.00 -0.29 90.20% 9.80% 0.00% 
GBB1104-04 5.5 0.11 83.50% 16.50% 0.00% 
GBB1104-05 3.81 -0.21 92.10% 7.90% 0.00% 
GBB1104-06 4.97 -0.06 86.70% 13.30% 0.00% 
GBB1104-07 5.51 0.84 96.30% 3.70% 0.00% 
GBB1104-08 4.40 -0.42 86.10% 13.90% 0.00% 
GBB1104-09 5.12 0.10 93.40% 6.60% 0.00% 
GBB1104-10 5.04 0.26 97.50% 2.50% 0.00% 
GBB1104-11 4.75 0.67 92.10% 7.90% 0.00% 
GBB1104-12 4.93 0.51 92.50% 7.50% 0.00% 
GBB1104-13 4.73 0.47 92.00% 8.00% 0.00% 
GBB1104-14 4.55 0.75 94.30% 5.70% 0.00% 
GBB1104-15 5.05 1.29 93.30% 6.70% 0.00% 
GBB1104-16 5.32 1.76 95.20% 4.80% 0.00% 
GBB1104-17 5.11 0.62 97.70% 2.30% 0.00% 
GBB1104-18 5.09 0.54 97.20% 2.80% 0.00% 
GBB1104-19 5.54 1.13 97.60% 2.40% 0.00% 
GBB1104-20 5.16 0.31 95.30% 4.70% 0.00% 
GBB1104-21 5.27 0.01 93.50% 6.50% 0.00% 
GBB1104-22 5.27 0.82 92.20% 7.80% 0.00% 
GBB1104-23 5.13 0.41 95.90% 4.10% 0.00% 
GBB1104-24 4.66 -0.11 96.70% 3.30% 0.00% 
GBB1104-25 4.97 0.24 92.90% 7.10% 0.00% 
GBB1104-26 5.00 0.15 96.30% 3.70% 0.00% 
GBB1104-27 4.98 0.36 95.40% 4.60% 0.00% 
GBB1104-28 5.15 0.62 97.40% 2.60% 0.00% 
GBB1104-29 5.10 0.68 96.70% 3.30% 0.00% 
GBB1104-30 4.91 0.58 96.40% 3.60% 0.00% 
GBB1104-31 4.81 0.57 94.60% 5.40% 0.00% 
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GBB1104-32 4.89 0.60 95.40% 4.60% 0.00% 
GBB1104-33 4.59 0.58 92.00% 8.00% 0.00% 
GBB1104-34 5.03 0.8 92.00% 8.00% 0.00% 
GBB1104-35 4.89 0.95 95.20% 4.80% 0.00% 
GBB1104-36 4.83 0.76 94.10% 5.90% 0.00% 
GBB1104-37 5.08 0.19 97.20% 2.80% 0.00% 
GBB1104-38 5.10 0.37 96.60% 3.40% 0.00% 
GBB1104-39 4.95 -0.12 92.00% 8.00% 0.00% 
GBB1104-40 5.30 0.67 94.30% 5.70% 0.00% 
GBB1104-41 5.23 0.62 95.10% 4.90% 0.00% 
GBB1104-42 5.01 0.49 97.90% 2.10% 0.00% 
GBB1104-43 4.88 0.42 88.10% 11.90% 0.00% 
GBB1104-45 5.03 0.44 92.30% 7.70% 0.00% 
GBB1104-46 4.82 0.25 91.30% 8.70% 0.00% 
GBB1104-47 4.67 0.12 91.40% 8.60% 0.00% 
GBB1104-48 4.30 -0.13 94.30% 5.70% 0.00% 
GBB1104-49 4.87 0.22 93.40% 6.60% 0.00% 
GBB1104-50 5.00 0.23 85.50% 14.50% 0.00% 
GBB1104-51 5.05 0.27 91.20% 8.80% 0.00% 
GBB1104-52 4.86 0.19 81.10% 18.90% 0.00% 
GBB1104-54 4.59 0.11 84.40% 15.60% 0.00% 
GBB1104-55 4.85 0.24 88.50% 11.50% 0.00% 
GBB1104-56 4.83 0.22 83.30% 16.70% 0.00% 
GBB1104-57 4.85 0.27 87.10% 12.90% 0.00% 
GBB1104-58 4.41 -0.20 86.70% 13.30% 0.00% 
GBB1104-60 4.47 -0.08 92.00% 8.00% 0.00% 
GBB1104-61 4.43 0.04 90.00% 10.00% 0.00% 
GBB1104-62 4.89 0.35 91.70% 8.30% 0.00% 
GBB1104-64 4.66 0.06 96.30% 3.70% 0.00% 
GBB1104-65 4.82 0.07 96.90% 3.10% 0.00% 
GBB1104-66 4.71 -0.02 96.40% 3.60% 0.00% 
GBB1104-67 4.91 0.23 97.20% 2.80% 0.00% 
GBB1104-69 4.69 -0.01 96.80% 3.20% 0.00% 
GBB1104-70 5.00 0.26 96.50% 3.50% 0.00% 
GBB1104-72 4.66 -0.19 96.20% 3.00% 0.80% 
GBB1104-74 4.71 -0.23 97.20% 2.80% 0.00% 
GBB1104-75 4.31 -0.37 97.00% 2.70% 0.30% 
GBB1104-76 4.50 -0.16 92.10% 7.90% 0.00% 
GBB1104-77 4.57 0.00 97.00% 3.00% 0.00% 
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GBB1104-78 4.49 -0.20 97.10% 2.90% 0.00% 
GBB1104-79 4.47 -0.18 98.00% 2.00% 0.00% 
GBB1104-80 4.37 -0.20 98.40% 1.60% 0.00% 
 
